DOC 



EF 002 597 



ED 028 598 ^ 

FMshes for Metals. Paiatablity of Galvanized Steel, Corro^ Resistance of 
BoildinQ Research Inst, Inc, Washingtorv 
Report No'BRI’RUB'IOOS 

Note-54p4 Report of a program held as part of the WI ru Sales Street N. W, 

AvailaW/from^ecotive Vice-President. Budding Research Institute. 1725 De Sales Street. H. , 

Washingtorw 0. C. (S6XX)) 

EDRS Price MF-S025 HC-S2J0O o i eTMtino 

papers are presented The first, "Report of 
the PaintaJW^ of Galvanized Sieel." was a project aimed ^ 
orocedures for painting bright-spangled galvanized sheet steel products usii« Ihiw 

^ses of trade sales paints-metallic zinc-<fcst, 

base emulsion paints. Bo^ treated and ontreat^ 

panels were exposed to three types of atmospheric «wronB^^ 

g^ The second paper. "Corrosion Resistance of /^oatw^^oon^^ 

^osion protection of aluminum and zinc co^ngs 

Panels coated with these metals were exposed to urban, industi^. ^ 

environments over a nine year period Thicknesses of«»«og- e««ot of methods of 

st^ preparation and effect of seal coats were studied. iKrO 



E0028598 








0 

u. 

>u 



Finisbes 
for Metals 

• Paiotaliaity 
Gidvania^ Steel 

• Cbrrowpn R«i*l«iiee 
of Mf^atUaed Coetinga 



Pnlilteaiion No* lOOS 



BmUdImg K mt em nk huiiimie 



Building Research Institute 

Board of Directors 

1962-63 



OFFICERS 



Pretident and 

Chairman of Executive Committee 
Leon Chatelain, Jk. FAIA 
Chatelain, Gauger & Nolan 



Vice Prenident and 

Vice Chairman of Executive Committee 
Otto L. Nelson, Jk: 

Vice President for Housing 
New York Life Insurance Company 



Vice Precident 
Peter B. Gordon 
Vice President 
Wolff and Munier, Inc. 



Secretary 

Milton C. Coon, Jr. 
Executive Vice President 
Building Research Institute 



Treasurer 
Grayson Gill 
President 
Grayson Gill, Inc. 



MEMBERS OF THE BOARD 



Paul R. Achenbach 

Chief, Mechanical Systems Section 

National Bureau of Standards 

Glenn H. Beyer 
Director, Center for Housing 
& Environmental Studies 
Cornell University 

Alan E. Brockbank 
President 

Community Construction Corporation 

John T. Burwell, Jr. 

Director of Research 
American Radiator A 
Standard Sanitary Corporation 

N. S. Collyer 
President 

F. H. Sparks Company, Inc. 

Robert W. Cutler 
Partner 

Skidmore, Owings & Merrill 

Albert G. H. Dietz 
Professor 

Massachusetts Institute of Technology 

George P. Dorrance 
Director of Technical Services 
Turner Construction Company 

J. E. Gaston 
Technical Consultant 
Building Materials Research 
Armstrong Cork Company 



Michael F. X. Giguotti 
Asst. Director of Engineering 
Plastics Division 
Monsanto Chemical Company 

John M. Kyle 

Chief Engineer 

Port of New York Authority 

Henry L. Logan 

Vice President for Research 

Holophane Company, Inc. 

T. F. Olt 

Vice President, Research 
& Technology 
Armco Steel Corporation 

Howard E. Phillips 
Superintendent, Special Studies 
Plant Design A Construction 
Division 

Western Electric Company 

Perry I. Prentice 
Vice President, TIME, Inc. 

Walter Sanders 

Chairman, Dept, of Architecture 

University of Michigan 

R. J. Short 

Director, Engineering Exploration 
Procter A Gamble Company 

D. Kenneth Sargent 
Dean, School of Architecture 
Syracuse University 



Harry Ross Young 
Market Development Supervisor 
E. I. duPont de Nemours 
and Company, Inc. 



♦ 



4 





for Metals 



• Paintability of 
Gijdviiad^ Steel 

• QMTpaoii Resirttoce 
of Metallized Goatmgs 



IHi Mieat ion No. 1005 



BcpiM of • fwocram , 
heU M port ^ dw 
BM 1962 Fail: Confcream 



BtMding Re»eanh Iniiitute 



U.S. DfMlIMtn Of HfAlTH. fOUCATION i WflfAK 
OffKf Of IDUCATION 



THIS DOCUMINT HAS KIN KNIODUCBI IXACUV AS KCIIVID flOH THI 
KISON 01 OKAWZATION OMKNATIlie IT. KNITS Of VIIW 01 OKWONS 
STAHD DO NOT NKISSAMIV KNMSfNT OffICIAl OffICI Of IDUUTION 

POSITION 01 policy. 



o 

ERLC 



FINISHES FOR METALS 



(^Building Research Institute, Inc. 1963 

The opinions and conclusions expressed in this book are those of 
the individual contributors and not necessarily those of the Building 
Research Institute. 

Library of Congress Catalog Number: 63-60047 
PRICE $6.00 



FOR YOUR INFORMATION 

Inquiries concerning Finishes for Metals or other publications 
resulting from the BRI 1962 Fall Conferences may be directed 
to the Building Research Institute, 1725 De Sales Street, N.W., 
Washington 6, D. C. The other publications resulting from these 
conferences are: 

School Building Research 

Pump and Spray Application of Building Materials 
Construction Innovations at Marina City 
Masonry Practices 

A complete list of BRI publications appears at the end of this 
book. 



ACKNOWLEDGMENT 

The Building Research Institute gratefully acknowledges the 
contributions to building science made by the participants in 
this program. 



••PEWISSIOM TO REPRODUCE THIS 
C0PYRI6HTED MATERIAL HAS BEEH 6RAHTED 

BRAB 

TO ERIC AHD OROAHIZAHOHS 0PERATIH6 
UHDER AOREEMEHTS WITH THE U.S. OEFKIE OF 
DUaTIOH. FURTHER REPRODUCTIOH OUTSIDE 
THE ERIC SYSTEM REOUIRES PERMISSlOH OF 
THE COPYRIGHT OWHER." 




ILTON C. COON, 
Executive Vice Predident 



Contents 



RESULTS OF THE AMERICAN IRON AND STEEL 
INSTITUTE RESEARCH PROGRAM ON THE PAINT- 
ABILITY OF GALVANIZED STEEL USING TRADE 
SALES PAINTS 

Joseph Bigos, U. S. Steel Corporation; Harold H. 

Greene, Republic Steel Corporation; and George R. 

Hoover, Armco Steel Corporation 1 

CORROSION RESISTANCE OF METALLIZED 
COATINGS 

Fred L. Plummer, American Welding Society 35 

BRI PUBLICATIONS 45 



/ 



1961-62 

BRI RESEARCH COMMITTEE 

Chairman: Arnold L. Windman, Secretary 
Syska & Hennessy, Inc. 



Byron C. Bloomfield 
Executive Director 
Modular Building Standards 
Association 

Henry C. Brown, Jr. 

General Manager 
Consumer Products 
Armstrong Cork Company 

John H, Callender 
Associate Professor of 
Architecture 
Pratt Institute 

Neil A. Connor 
Director, Architectural 
Standards Division 
Federal Housing Administration 

Ben H. Evans 

Coordinator of Architectural 
Research 

Texas Engineering Experiment 
[Ration 

P. B. Gordon 
Vice President 
Wolff & Munier, Inc. 

Leonard G. Haeger 
Architectural Research 
Consultant 

Morris Kaplan 
Technical Director 
Cons'omers Union 

Alexander Kira 
Assistant Director 
Housing Research Center 
Cornell University 



James T. Lendrum 
Head, Department of 
Architecture 

College of Architecture and 
Fine Arts 

University of Florida 

George M. Rapp 
Associate Director 
John B. Pierce Foundation of 
Connecticut 

Charles H. Topping 
Senior Architectural and 
Civil Consultant 
Design Division 
Engineering Department 
E.I. duPont de Nemours & 
Company, Inc. 

Donald J. Valsvik 
Manager, Commercial 

Research and Development 
Department 

Wood Conversion Company 

Thomas E. Werkema 
Staff, Director of Research 
The Dow Chemical Company 

Paul H. Wilson 
Supervisor, Industrial Tape 
Construction Projects 
Minnesota Mining & 

Manufacturing Company 

J. H. Zettel 

Director, Building Products, 

Research-Development & 

Flooring 

Johns-Manville Research 
Center 



Report of the AISI Research Project 
on Paintahility of Galvanized Steel 

By Joseph Bigos, U. S. Steel Corporation; Harold H. 

Republic Steel Corporation; and George R. Hoover, Armco Steel 
Corporation 

4h«mrt ThU project u,a, aimed at deUrmMng the bat pro<xduml«rpw^ 

te^te^ Jbet 

prevent wet-storage stain, as wen as ufufvu*^ g ro»„it» •hnw that 

S£^3“ES?2^3r.s 

steel was negligible. 

THE USE OF VAST QUANTITIES of galvanized steel in the biUlding 
Industry has recently led to an increase in the number of painting 
faUures encountered. The problems assodated with ‘he 
galvanised steel have been long recognized <*• PP- 
sound recommendations for painting are »’'»‘\ehle (1, p. 12. 

6831 Most of this paint failure occurs as peeling of conventional 
Ss on homes, small buildings, or bright-spangled, chemic^ly 
treated galvanized steel products painted by the home owner, cu^ 
todiarfSmer. or local painter. This led to a joint research effort 
by the steel industry to determine proper panting Pjocedi^es for 
eivanized steel products using locally available 
rtnfsrnHve research work reported here was sponsored and directed 
bv the Committee of Galvanized Sheet Producers of the American 
Iron and Steel Institute. The Steel Structures Coun^^^^^ 

Mellon Institute. Pittsburgh. Pennsylvania, also participated in t 

test. 

CHARACTERISTICS OF GALVANIZED STEEL 

A review of the characteristics and behavior of 
wUl promote understanding of the research program. Galvanized 

bigos. JOSEPH. Head, Organic Coatings 

Laboratory U. S. Steel Corporation; member. American Chemic 

Society. ASTm\ National Association of Corrosion Ei^^^ . 

rPFFNE HAROLD H. Republic Steel Corporation. HOOVRR, o. . 
S^Sg R^ewch Metallurgist, Chemical Research Depart- 
S Sarch and Technology, Armco Steel Corporation; mem- 

ber. BRI. 
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sheets are made by passing; specially cleaned steel through a bath 
of molten zinc. Zinc is used because it is an excellent and econom- 
ical protective coating. It is the least expensive way of protecting 
the base steel against corrosion. The resulting galvanized sheet 
offers great strength and rigidity at low cost. 

The coating of zinc results in a bright, spangled appearance, 
but as do other metals, it corrodes and stains when in contact with 
water for an extended period of time. If moisture is permitted to 
remain between the surfaces of a bundle of galvanized sheets, laps 
of coils, or nested fabricated objects during storage, a white dis- 
coloration known as wet-storage stain may develop. The white 
discoloration is a mixture of basic carbonates of zinc and zinc 
oxides or hydroxides, which probably results when electrochemical 
corrosion of the zinc takes place because of variations in humidity, 
water films, and oxygen concentration at different areas of the 
surface with the subsequent formation of anodic and cathodic areas 
and development of zinc hydroxides at the anodic areas. 

These hydroxides react chemically with carbon dioxide in the 
air to form the white corrosion products referred to as wet- or 
humid-storage stain. The stain is usually superficial and does not 
impair the protective properties of the zinc coating, but the £q>- 
pearance may be unsatisfactory and the steel may require painting 
for this reason. Prolonged exposure to entrapped moisture may 
cause localized damage to the zinc coating, and painting may be 
required to prevent corrosion of the base steel. Gsdvanized sheets 
or products should be kept dry at a uniform temperature until bun- 
dles are opened and the steel is installed and exposed to the weather. 

It is standard practice in the steel industry to chemically treat 
galvanized sheets during manufacture in order to minimize wet- 
storage staining during storage or shipment. Unfortunately, the 
chemical treatments that stabilize the surface have a detrimental 
effect on the adhesion of the trade-sales paints (paints that are 
manufactured for the retail trade) normally used on houses, other 
buildings, and farms. Zinc surfaces, if they are not chemically 
treated, are difficult to paint because new zinc reacts with ordinary 
paints and causes peeling and flaking. The exact reason for this 
failure is not known, but it has been surmised that there is a re- 
action between the zinc and the oil vehicle at the interface. This 
explanation, however, does not explain the failure of non-saponifi- 
able vehicles. 

When galvanized steel is exposed to the weather, the appearance 
of the bright, smooth zinc surface darkens and becomes tiull. This 
change in appearance, which is accompanied by a roughening of the 
surface, is due to a reaction of the zinc with the atmosphere which 
creates a protective layer. This surface layer greatly slows fur- 
ther change in the character of the zinc and results in long life for 
the galvanized sheet. At the same time, any chemical treatment 
weathers away and better paintability results. If paint is applied 
over this weathered surface, the reactive zinc is insulated from 
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the paint, the surface is roughened for better p.Jnt adhesion, and 
the paint adheres better to the metal. Weathering will make all 
types of paint perform better on galvanized steel, whether the gal- 
vanized steel is chemically treated to prevent staining or not. 

Caution is necessary when special treatments, instead of weath- 
ering, are used to make the paint adhere. The “home cure” type of 
treatments such as washing the surface with vinegar, acetic acid, 
cider, copper sulfate solution, muriatic acid, or hydrochloric acid 
have been proved to be useless, or even harmful. 

PAINT PRETREATMENTS 

There are special pretreatments that may be used to improve 
the paintability of bright- spangled, galvanized steel. Special cold 
phosphate treatments are available as proprietary products from 
chemical suppliers. U. S. Military Specification MIL-C-10578A, 
“Compound, Metal Conditioner and Rust Remover,” and Steel Struc- 
tures Painting Council Pretreatment Specification SSPC PT2-53T, 
“Cold Phosphate Surface Treatment,” may be obtained, but their 
effect is not outstanding, particularly if the surface is stabilized 
by chemical treatment to prevent staining. 

Hot phosphate treatments of the “bonderizing” type, which con- 
vert the surface to zinc phosphate, are extremely good, and are 
widely used in production finishes. U. S. Military Specification 
MIL-C-490A, “Cleaning and Preparation of Ferrous and Zinc Coat- 
ed Surfaces for Organic Protective Coatings,” and Steel Structures 
Painting Council Pretreatment Specification SSPC-PT4-53T “Hot 
Phosphate Surface Treatment,” are available. There is also an 
ASTM proposed specification, “Tentative Methods of Preparation 
of Zinc-Coated Steel Surfaces for Painting,” covering the pretreat- 
ments available for galvanized steel. These treatments are inef- 
fective if the surface has been chemically treated. 

Another type of treatment is called a “wash primer.” This 
material can be purchased from industrial paint suppliers, or di- 
rectly from some paint manufacturers. It is mixed with phosphoric 
acid and applied like a very thin coat of paint, and if used freshly 
mixed it gives good results. This treatment is described in Steel 
Structures Painting Council Pretreatment Specific’ationSSPC-PT3- 
53T, “Basic Zinc Chromate Vinyl - Vinyl Butyral Washcoat.” 

Because of the well-known difficulties involved in getting satis- 
factory paint adliesion on new galvanized steel, whether it is 
chemically treated to prevent staining or untreated, some producers 
make galvanized steel sheets that are mill-phosphatized and ready 
for immediate painting. These sheets combine all the good features 
of galvanized steel plus extremely good paint-holding qualities. 
They greatly improve the life of any paint applied on them. These 
sheets are supplied on special order only. They are recognizable 
by their dull surface, which is marked with a white streak when 
scratched by a fingernail. If these sheets become oily or greasy. 
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the surface should be cleaned with mineral spirits, 

or naphtha. Fingerprints should be Temped by 

ture of one of the above thinners in combination with alcohol. 

ol^Liaed sheets are produced by heatt;« the ^ 
during production. This creates a dull gray all^ 
free^f toe typical span^es. These surfaces can be paint^ 
any special treatment; oil, grease, or fingerprints can be remw^ 
by the methods mentioned above. These sheets, too, are supp 

precedlug special paint pretreatments or 

galva^^ sheets with good palntabmty are used 

or laree InstaUaUons, or for products that are firashed by toe 

manuf^er, such as prepaiiited galvan^ steel 

or sidine or gutters and downspouts. The average 

owner, or farmer has the problem of painting bright-spanned g^- 

vanized steel that was selected because of ite 

material is normally chemically treated at the mUl. The use of 

conventional house paints or metal paints 

cumstances occasionally results in considerable peeling of to. 
paint unless proper paints are used. 



THE AISI RESEARCH PROGRAM 

When the AISI Committee of Galvanized Sheet Pi^ucers under- 
took toe problem of painting with locally available, tr^e-sales 
paints, tifc technical painting experience of toe /““I 

panies was utilized to ouUine the e**®**"^ 

problems. A researchprojectwas thendesignedto establish 

the best procedure for painting galvanized steel. . 

Committee members agreed that paints perform better on o^ 
dinm galvanized sheets, whether treated or not, 

to ^I^atoer before being painted. Six ^ 

and even less time may be necessary if the weather is very wet. 
In dry climates, or during prolonged periods of little rai 
greater time is needed for adequate weathering. 

^ weathering may be continued for years 

la no necessity to paint. When painting is postponed, ^eaier 
Lnl^s achiCTed, since toe zinc is ^ow^ to 
^ fuMtlon of protectingthe steel base. Maximumlife of the ^^s 
S nSLum coat is olJined if the 

Ted rusting of toe steel begins to appear, or at toe nrst si^ 
red rust on toe face of the steel. Painting up to and at this st^ 
SSilTtoe remaining zinc as part of toe protective coating and 

^*^^e^1i:?rai^eaSSgTt^^^ impractical for ^d«s 

other procedures are required P^^^^^^^^l^^^g^atelybe- 
The effect of toe chemical treatment on paint life immediately be 

comes of paramount interest. 
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Investigation has revealed that all successful chemical treat- 
ments which inhibit humid-storage stain of galvanized steel use 
hexavalent chromium in solution as chromic acid, chromate or 
dichromate, or other chromium salts. The effectiveness of chenu- 
cal treatment in preventing hiunid-storage stain ^ears tobe pro- 
portional to the amount of residual chromium on the surf^e. The 
Committee observed that only three generic types of chemical 
treatment are in commercial use on galvanized steel sheets pro- 
duced in the United States, although minor variations within these 
tteee p?o^esses are used to some extent. These treatm^te may 
be classified as waterglass-dichromate, in which a solution of 
sodium silicate and sodium dichromate is used according to U. S. 
Patent No. 2.665.232; chromic acid, in which the sheets are trea^ 
with a solution of chromic acid according to U. S. Parent No. 

2 784 122; and a proprietary chromate-containing solmion, ac- 
cording to U. S. Patent No. 2.851.386. All these treatments res^t 
in a' more stable surface that becomes increasingly hydrophobic 
upon aging. These treatment films are extremely difficult to r^ 
i^e amd mechanical abrasion or very strong cleaners must be 
used. Weathering will, however, remove the treatment films over a 

^’^The^USelice of treatment film may be detected by using a 
diphenyl carbazide spot test.^ which shows a pink color in the 
presence of hexavalent chromium. Another method is to c^pare 
the immediate rate of plating out of copper from an aci(^^ cop- 
per sulfate solution with the rate for untreated galvamzed steel. 

The preceding factors required that the research pro^am 
establish the effect of chemical treatment on the paintability of 
galv aniz ed Steel. Since only three chemical treatments were in 
use. three steel stO)pliers. each using a different treatment, were 
selected. A corollary, but minor, objective that developed was to 
establish the effect of weathering on the removal of chemical treat- 
ment. consequently on the paintability of the steel. ^ 

Previous experience had showed that zinc-dust paints can be 
used successfully on galvanized steel. Well-documente^csolts of 
service tests of zinc-dust paints are available (2.5). fhese tests 
also authenticate the beneficial effect of prolonged weathering of 
galvanized steel on paint life. These zinc-dust paints generally con- 
^n about 80% zinc dust and 20% zinc oxide by weight in the pig- 
ment but this ratio may be modified somewhat to change the color. 



^ Dissolve 0.5 gram of 1-5 diphenyl carbohydrazide in solvent mix- 
ture consisting of 20 ml acetone and 20 ml of 95% ethanol by ^ing 
a warm (120“ F) water bath if necessary. Add diluted phosphoric 
acid consisting of 20 ml H 2 O and 20 ml of phosphoric acid. Drop 
on surface to be tested; a pink to purple color developed indicates 
chromate anion. Test solution isheat-andli^t-sensitiveand must 
be discarded when it discolors. 
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The vehicles are generally drying oils or alkydvamishes, although 
phenolic varnish vehicles are used for water immersion or wet 
surroundings. Typical formulations are shown below: 



Federal Sfpecification TT-P-641b, Primer, Paint, 
Zinc Dust-Zinc Oxide 



Type I Oil Base 

Pigment, 80% 
Zinc dust 80% 
Zinc oxide 20% 

Vehicle 20% 

Raw linseed 
oil 90% 
Thinner and 
drier 10% 



Type 11 Alkyd 

Pigment, 63.5% 
Zinc dust 80% 
Zinc (»cide 20% 

Vehicle 36.5% 
Alkyd resin 
solids 43% 
Thinner and 
drier 57% 



Type II Phenolic 

Pigment, 65.5% 
Zinc dust 80% 
Zinc oxide 20% 

Vehicle 34.5% 
Phenolic varnish 
solids 50% 
Thinner and 
drier 50% 



Recent commercial experience and research tests conducted by 
the steel companies showed that Portland cement-in-oil paints pro- 
vided good service on galvanized steel. These paints are unusual, 
since they incoi^rate Portland cement as part of the pigment. 
These paints will be referred to as cement-base paints in this re- 
port, and it should be noted that these paints are completely differ- 
ent from cement-base water paints, which are not included. The 
composition of these paints varies considerably. The typical for- 
mulation rang;es shown below do not indicate water additions, which 
are believed critical in obtaining optimum pr<^rties: 



Pigment 60% 



Titanium dioxide, white lead or similar 


15 to 20% 


Zinc oxide 


20 to 30% 


Extenders 


10 to 40% 


Portland cement 


5 to 40% 


Vehicle 40% 




Drying oils, resins 


60% 


Volatile 


40% 



Some prc^rietary paints give good service on galvanized steel. 
These paints have been developed as specialty items by certain 
paint companies and usually their formulation or reason for good 
performance is not known. However, certain water-base proprie- 
tary paints have been developed recently that are based on latex 
-emulsions, both polyvinyl acetate and acrylic. 



PAINTABILITY OF GALVANIZED STEEL 7 

PROJECT OBJECTIVES 

On the basis of the foregoing studies, this research project in- 
cluded the evaluation of three classes of paint as a major objec- 
tive of the test. These classes were zinc-dust paints, cement- 
base paints, and prc^rietary paints: under proprietary paints, a 
subclass of latex-base paints was included. A natural outgrowth of 
this objective was to compare various paints in each of the classes. 
To determine the effectiveness of the generic classification of 
paint another major objective included the evaluation of as many 
paints in each of the different classes as practic^. Each partici- 
pating laboratory agreed to select 18 paints, six per class and 
include these in the test. The three steel companies, selected to 
participate in the program because their chemical treatments were 
representative, all participated in the paintability test; therefore, 
a total of 54 paints was proposed for evaluation. 

Another major objective was to determine the variation in paint- 
ability of galvanized steels. Galvanized sheet steel meeting the re- 
quirements of ASTM Specification A93-59T, with 1.25 oz. of zinc 
per sq. ft., was selected as representative of almost all steel used 
in buildings. Untreated galvanized steel from each supplier was in- 
cluded in the program to determine the average performance of 

plain galvanized steel. . r 

The major variations that mi^t occur because of methods of 
application or differences in environmental exposure were deter- 
mined by having three laboratories participate; each would use its 
own painting procedures, would include all the steel variations, and 
would ejqxise the painted specimens at its laboratory test site. 
These sites, which included atmospheric exposures from suburban 
to industrial, were at Pittsburg, Pennsylvania; Cleveland, Ohio; 

and Middletown, CXiio. ... i i. * 

To minimize possible error due to variability in stem, chemi- 
cal treatment, and application, the painted specimens were to be 

prepared in triplicate. ^ oiu 

The design of the experiment is shown in Table 1 (p. 19). The 
major variables are indicated and the plan includes a total of 972 
painted specimens. This amount does not include several hundred 
specimens used in corollary tests. Briefly, the main plan consists 
of an evaluation of three chemical treatments times two levels of 
treatment (treated and untreated) times three classes of paint 
times six paints per each class times three laboratories (exposure 
sites) times three replicates. 

A setup for possible analysis of variance is also shown in 
Table 1 where the degrees of freedom for the main variances and 
first-order interactions are tabulated. Because of the small likeli- 
hood of complicated interactions, those beyond the first order are 
not listed, but the design of the experiment would show any such 
complicated interactions that would occur. There are 14de^ees of 
freedom between the main variances and 91 in the first-order in- 
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teractto^s, wMch leaves J 

tr*- mo!;^te‘5:sign oixl test was modified very 
““Cor objectives of thete^. such “ 

White- 

finish coats on panels that had been expose 

preparation and exposure of panels 

to conducttogtoetest the^st^lco^ 

C:X "partletoJ^ aSs“ s 

teste by the three „at from ialvanlzed steel 

were 22 * 24 , 26 , and 2 reoresentetlve routine production 

sheets selected at random from r^sentetlve^«in ^ 

sources, but sl*^» *°Se ^^riStocLs 

^T.%^te,‘|l^c“Ja£.ea™^ 

paints and only used OM In toe pro^tetoy^nm^^ 

found three proprietary to^ S-e^ee^litboratories: these paints 

SS^’^rglv^ln toe taLle so toat 
on toe iSsls of ^mce 

two laboratories, provided an excellent op- 

to“h^T tof ^eement Ueen toe different laboratory 

*"’¥Sfny'^ln“^^of continuously g«lv»l“i ^“1- “®®‘S! 
ASTM specification A93-T, ^shmd t^J.2 5 ,,b. 

Ing wel(d>t of zinc, were Prep^ for pMn g 
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Figure 1 — Armco Steel Corporation exposure site in 
Middletown, Ohio. 



were conducted in general accordance with ASTM Specifications 
D1014-51 except as noted hereafter. The Armco Labor atorypainte 
its series of panels by spraying the panels to a noraal 
thickness and exposing the air-dri^ panels 30 from tte hor- 
izontal facing south at Middletown, Ohio, in an industrial exposure, 
as shown in Figure 1; at the end of one year, portions of the panels 
were painted by brush with one and with two coats of a wMte, oil- 
base house paint to determine repaintability. Dry fflm thickness ^ 
the primers is shown in Table 2. The Republic Laboratory painted 
its series of test panels by spraying the panels to a 1.5-mil^y- 
film thickness and exposing the air-dried 

horizontal facing south at its exposure site outside Cleveland, 
Ohio, in a surburban atmosphere. The panel size and mounting are 

shown in Figure 2. . r u 

Prior to painting, U. S. Steel exposed a series of chemically 

treated panels and untreated galvanized steel panels outdoors to 

determine the effect of weathering. The period 

completely remove the chemical treatment was found by chwWn^ 
thesurface with the diphenylcarbazide spot test 
chromate residues disappeared. U. S. Steel s Applied Research 
Laboratory painted its panels completely with one coat of paint 




Fieure 2 — Panels on exposure at Republic ^el Cor- 
poration exposure site outside Cleveland, Ohio. 



by brush to a normal film thickness for each ^ 

sLwn in Table 2. After air drying, the top half 

painted with a second coat ^ 

font nf onp coat versus two coats. After air drying, the panels were 

exposed at MonroevUle, Pennsylvania (near 

of 3(f from the horizontal, lacing south, in a semi-industrial 

“°®Ml®^nts were applied in accordance with the mantrfacteers’ 

diriSionorof Z cement-b^ “iZ?: other ce^- 

ol a small amount of water prior to painting, whde ^er cenw 

hsM naints had water added to the paint by the manufacti^r. 

lime of the latex paints wetted the 

^eat difficulty and required repeated brushing out. 

S some of the latex paints was extremely poor for a period of y 
or"Z!2r application, and Bome of ^^Ms 

^ Tdt tr’^v“:^rfm“r^ adhesion on prolonged ex- 

•“Te^terpSwere firste^^e^^^^^^^^ 

tt«y '’s"Xs“ Z p^elfhad been exposed lor ^ 

The Tte™ companies had planned to of 

ratine the panels for peeling of the paints, since this is the t^e of 
failure that occurs in service in six months to a year. 
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Fieure 3 — Knife adhesion testing of paint on panels 
ej^osed at the U. S. Steel Corporation site outside 
Pittsburgh. Pennsylvania. 



such failure does occur. However, the rating procedures were 
modified because of the extremely good over-all ^ 

the paints of which only a few peeled slightly. Judgments of 
ability were therefore based upon the much more severe criteri 
nf knffe adhesion and the resistance of the paint to physic^ re- 
mo^ bv scraStog^d catting with a sharp knife was rated on a 

scde ot 0 to^ lof The naethod of tesUng is s'*®*™ “ ?• ^ 

rating of 10 represents excellent to almost perfect knife adhesion, 
[n such a caseV paint is extremely difficult to reinove. A pairt 
that has almost no resistance to removal by knife or ^ 

itself is rated 0 and is a complete faUure. Other steps on the scale 
are: 8, very good; 6, good; 4, fair; and 2, poor. 

RESULTS OF PAINT ABILITY TESTS 

The average final ratings of each Inspection f®*" 
specimens after two years outdoor exposure, are shown in T^le 
3^ 22) Ratings for individual panels are not shown because there 
wi^i” no between the replicates. Uniformity of re- 

suits rreolicability) is therefore considered excellent. 

Th^fw^a degree of agreement amongthe six InspectOTS 
of whom five were from the three steel company laboratories and 
one from the Steel Structures Painting Council, except in the cases 
of several panels where the paint film itself had deteriorated. Fo 
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• 4 TTc fho TT steel laboratory exposure, the paint had de- 

Thfeffe“te of the main variables In the test «e shown in Tables 
® ‘ TS^vIrS^®g?^el .^er^eS cL'ses of paint are shown 

fotinisrS". batons S the paints were of the zinc- 

’'^''Vh^^cement-base paints also performed extremely well as a 

class, with an grade for 

the zinc-dust paints. The .. properties of which 

^ “ “‘“J’ X'. r ofXS^s ^irf^ei 

f^Sf^“galvanized steel, was excellent, the average rating 

Xned to tee different latoratorles d^te »^ 

inadvertent selection of two .pa^. indicates that the 

riTir. nixrtee" s“ "of zincdust paint UlO 
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blistered slightly over the first coat. 

The cement-base paints had somewhat poorer film properties 
than those of the zinc-dust paints. This was indicated by a tendency 
on the part of some of them to chalk or become britUe. Three 
cement-base paints - A9, U4, and U5 -- showed palrtt-fU^ 
flciencles; one of these, U5, is the same paint as A15 in Armco 
proprietary class and there it showed the same film deficiencies. 
The variation in performance of these paints indicates the 
tance of proper formulation and manufacture of the cement-base 

tL proprietary paints showed the widest variation in perform- 
ances. These paints had been selected because they were a - 
vertised for use on galvanized steel, or because the paint manu- 
facturer recommended them for this use. Some ® 

cellent. The latex-base paints were generally excellent, but inust 
be used with caution for reasons to be explained later. ° 

the proprietary paints probably contain Portland cement. Pmnt U1 
performed very poorly and is completely unsatisfactory for gal- 
vanized steel dLpite the claims of the manufacturer; toe poor per- 
formance of this paint is shown in Figure 4. The purchased sample 
of U15 used in toe U. S. Steel test performed poorly, even though 
toe paint is advertised for galvanized steel. The same brand pur- 
chJed by Armco performed better as a single coat, but showed 
early peeling when top-coated after one year of exposure. 




Figure 4 — Characteristic peeling shown above oc- 
curred with only a few of toe paints tested. 
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The over-all effect of chemical treatment on paintability of 
galvanized steel is shown in Table 7. On an ^^er-all basis the 
paintability of the untreated galvanized steel is slightly better toan 
that of the chemically treated galvanized steel (8.85 vs. 8.48). ihis 
very slight difference would be extremely difficult to detect except 
by trainS observers in a statistically designed experiment such m 
this one. The over-all averages for the untreated g^vanized steels 
show no significant difference in paintability of the three suppliers’ 
products. However, the chemically treated g^vanized steels of 
three suppliers are slightly less paintable than the untreate • y 
a very slight variation in paintability was found between the three 
chemical treatments (8.31, 8.51, and 8.61). 

Several interactions between brands of paints and galvanized 
steels did develop. Table 4 shows that in the Armco test, cement- 

base paint A13 did not perform as well on ^i^aiTo^true 

treated steel as on untreated steel (6.9 vs. 9.8). 
for zinc-dust paint A2 (7.7 vs. 9.4). Proprietary paint A3, which cUd 
not perform well in this test, performed more poorly 
Ys chemically treated galvanized steel. Proprietary latex-b^e 
(polyvinyl acetate) paint R2532 performed more 
chemically treated galvanized steel of all suppliers than on their 
unt^ated panels in L Republic test. Proprietary latex-base (poly- 
vinyl acetate) paint R2534 performed more poorly on Producer Z s 
treated galvanized steel in theRepublictestthanit did 
In the U7 S. Steel test, two zinc-dust alkyd paints, U9 and Ull, per- 
formed more poorly on Producer Y’s chemically treated galvanized 
steS than on the untreated. In the same test, U13 latex-base paint 
(the sam3 paint as R2534) again did not perform as well on Pro- 
ducer Z’s chemically treated steel as it did on the untreated. The 
latex-base paints tended to react adversely to the chemical treat- 
ments; however, the adhesion of these paints i^Pfove^i with age. 
Because of the hydrophobic nature of the chemical 
somewhat erratic behavior of some of the ” . 

understandable. It is also easy to understand hw the wide vwia- 

tion in pH and formulation of the latex-base Pai"*s accounts f^^^ 
extremely good performance that is possible with this class of 

paints. 

As a corollary test, U. S. Steel exposed chemically treated and 
untreated panels, from the same lots of steel as were used in the 
main test, to wet spring weather for two months before 
Tder to determine the effect of weathering The results of th s 
test. Table 4-D, are directly comparable to ^1 ^ s 

because the panels were painted at the same time as the . . 

Steel test panels with the same paints. Coincident with this test, 
chemically treated panels were exposed until ^1 traces 
mate disappeared; this had occurred at the 

painted, withered samples were slightly better toan the un-^ 
weathered. Their average rating was 8.4 compared to 8.1. 
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weathering completely eliminated the slight difference in paint- 
ability of the chemically treated galvanized steel and made it as 
good as the weathered, untreated galvanized steel (8.4 vs. 8.4). 
Weathering improved the paintability of chemically treated gal- 
vanized steel from an average grade of 7.9 to 8.4; it apparently 
improved the average paintability of untreated galvanized steel 
slightly from an average rating of 8.3 to 8.4. 

In the U. S. Steel test, a second coat of each paint was applied 
on the top half of each panel to determine whether an extra coat 
of paint would affect the paint adhesion. Only slight differences 
were observed with a few of the paints. Paints Ul, U4, U9, UlO, 
U12, and U15 showed slightly better adhesion with two coats of 
paint. Paint U13 showed slightly better adhesion with two coats 
on Producer Y’s untreated sample but poorer adhesion with two 
coats on Producer Z’s treated specimen. The worst paint in the 
test, U18, showed much worse peeling with two coats than with one 
coat. These results are derived from the records of inspectors’ 
comments from the last inspection. In general, two coats of paint 
were better than one or else there was no difference in adhesion. 

In the Armco test, one set of the exposed panels painted with 
one coat of paint, was repainted with one and with two coats of 
white alkyd house paint at the end of one year. The average ratings 
for adhesion of the paint systems to the galvanized st3el are shown 
in Table 8 (p. 34), with the ratings for one coat taken from Table 4. 
The over-all average ratings show that a slight improvement in 
adhesion occurs when two coats are used, and there is a further 
slight improvement when three coats are used (one and two coats 
of white finish paint used over the test paint, respectively). An ex- 
amination of the individual ratings or averages shows that 13 of the 
20 paint systems were improved bythe additional costs. Five showed 
no improvement because they had almost perfect scores for one 
coat alone; one was indeterminate; and one — proprietary paint 
A3 (same as U15) — developed bad peeling when the extra coats 
of paint were' applied. For this paint, the adhesion was probably 
initially poor, but did not become apparent until the shrinkage of 
the top coats peeled the base paint from the metal. This test paint 
showed an interaction with Producer Z’s chemically treated sam- 
ples which greatly improved the performance of the paint. In gen- 
eral, the application of a second or third coat improved perform- 
ance. Some paints that deteriorated when exposed to the weather 
performed better when repainted. 

An interesting aging effect was observed. The paints developed 
better adhesion as they aged and differences in adhesion which were 
observed early in the test were reduced. Adhesion leveled off so 
that at the end of two years little change was occurring. 
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CONCLUSIONS 

The following conclusions are based upon the AISI research 
project on paintabUity of galvanized steel in which painted panels 
were exposed to the weather for two years. 

1. New galvanized steel may be satisfactorily painted with 

* trade-sales paints available through retail outlets, provided 

zinc-dust paints. Portland cement-in-oil paints, or latex or 
other proprietary paints intended for galvanized steel are 

2. The greatest variation in results occurs because of differences 
in the paints used. Therefore, paints from trade-sales manu- 
facturers should be chosen from reputable producers, and 
outdoor experience with the paint is hi^ily desirable. 

3. The zinc-dust paints perform best, but if white or light colors 
are desired a suitable top coat must be used. 

4. Cement-in-oU paints perform almost as well as the zinc- 
dust paints, are lower in cost, easier to app^y, and may be 
used as whites or colors in one-coat sjrstems. 

5. Certain latex-base proprietary paints, both pol 3 rvinyl acetate 
and acrylic, are excellent for galvanized steel. Some of them, 
however, do not wet galvanized steel which has been chemi- 
cally treated to prevent humid storage stain, or develop 
adequate adhesion on such surfaces. Until experience is de- 
veloped with proprietary paints for galvanized steel, they 
should be used with caution because several proved to be un- 
s utisf&cfoT y • 

6. Although the chemical treatments used on galvani^ steel to 
prevent humid storage stain have a sli^tly detrimental ef- 
fect on paint adhesion, the effect is so sli^t. except in the 
case of some latex-base paints, that when the above types of 
paint are used it is virtually negligible. 

7 Weathering before painting in^nroved the performance of 
* chemically treated and untreated galvanized st^ls only 
subtly, althou^ weathering does remove the chemical treat- 

8. Better performance is generally achieved when two coats of 
paint are used, or when the primer is recoated before de- 
terioration of the paint film begins. 

SELECTED REFERENCES 

1. Bigos. J. Steel Structures Painting Manual. Vol. 2. Pitts- 
burg: Steel Structures Painting Council. 1955. 

2. Burgener. M. L.. & Carter. D. G. Durability of 
Weathered Galvanized Roofing. University of Illinois Agri- 
cultural E;q»eriment Station Bulletin 565. Urbana: the Uni- 
versity. 1953. 



3. 

4. 



5. 



PAINT ABILITY OF GALVANIZED STEEL 



17 



Burns, R. M„ t Bradley, W. W. Protective Coatings for 

Metals. (2nd ed.) New York: Reinhdd, 1^. 

Evans, U. R. MetaUlc Corrosion Passivity and Protection. 

London; Edward Arnold t Co., 1937. 

MueUlng. A. J.. t Curtis, J. O. 10-Year P«l»t » 
Weather^ Galvanized RooBng. U"»«rslty of miiaas 
Agricultural Experiment Station BuUetln 676, Urban . 
the University, 1961. 



OPEN FORUM DISCUSSION 

Moderator - Arnold L. Windman, Syska & Hennessy, Inc.* 

H. Nussbaum. Western Products. Ltd.: Are there any test resjdts 
on baked-on paints which might be used for roll coating 

applications? 

Mr Bigos: ExceUent results are available with baked coatings, 
production finishes and the like. This is somuch trader the con- 
^1 of the finishers, the paint companies, and the steel pro- 
ducers that it*s only a matter of calling 

getting complete information. In addition. BRI publication 993. 
Prefinishing of Exterior Building Components, contains i™o^ 
mation on this subject. Adhesion of the paints to galvante^ 
steel has to be better than the adhesion of the zinc or its con- 
sidered a complete failure. We have no more trouble in obtatong 
adhesion of paints to the galvanized surface than we do in getting 
adhesion of the galvanizing itself. 

George Azrak. Port of New York Authority: Canthe co^ of 

gSvanized surfaces be justified? That is. would itte more eco- 
Lmical to leave the metal unpainted until the galvanizing has 
been weathered, or actually worn off? 

Mr Bigos: Pm ^ad somebody asked that. Pd like to say just a 
wordon my philosc^hy of galvanizing. I think of galva^ng as 
toe cheaiiest coat of paint that you can possibly buy. 
Mr. Plummer mentions a cost of 10^ or 15^ per sq. ft. for 
cleaning. This is a very conservative blast cle^ng c®st; yw 
mi^ave to spend 25^ per sq. ft. for it If )j>u buy 
st^. the cost of galvanizing above plain steel 
per sq. ft., including surface preparation. It indues one mil 
of zi^. If you put that same mil of zinc on as metallizing, it 
costs you about 25 times the cost you would have if you buy di- 
rectly from a steel producer. 



*BRI member. 
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If you put it on as a zinc-rich paint, it will cost you from 10 
to 15 times as much. Then you have to decide whether you are 
going to use one coat of paint, or whether you are going to pro- 
tect this coat of paint by additional coats. In this connection, 
one should consider that it*s not necessary to use priming paints 
on galvanized steel providing you paint in such a manner that 
you get g;ood adhesion. If you get adhesion by phosphatizing, or 
in some other way, you can go directly to finish coats. 

As far as I am concerned, the most economical way to use 
galvanized steel is to let it weather. Ideally, you should wait 
until the first rust begins and then go back and paint it two 
weeks before that. As long as there is any galvanized steel left, 
it doesn't matter when you paint. In some environments, it is 
not uncommon to have it gp for as much as 15 years. When the 
first yellow rust begins in the alloy layer then it is time to 
paint, but you have gotten your money's worth out of the galva- 
nizing, because you can stUl use that as your primer and build 
up with the customary finish paints. If youwait too long, though, 
you have to use rust inhibitor such as zinc paint or red lead 
paint to stop the red rust which begins. 

Francis Scofield, National Paint Assn.: Cement-base paints maybe 
difficult to recoat with other paints. Is work on this being done? 

Mr. Bigos: I didn't go into any details, but part of the test involved 
the recoating of the cement-base paints at the end of one year. 
The first test Is terminated, but all of the panels are being re- 
tained and recoated and we v^l have further information. There 
can be no question that cement-base paints are not as good as 
we would like to have in comparison to other paints that are 
available. But they do a good job and, most important of all, 
they do it at a reasonable price. The price is the basis of all 
this. Otherwise, there wouldn't be any painting problems, be- 
cause all you would have to do is to have the builders spend 
$3.00 per ton more, less than a tenth of a cent per sq. ft., to 
buy material already phosphatized. 

Mr. Scofield: How much weathering is required where the galva- 
nized steel is used for gutter applications on houses? 

Mr. Bigos: I can't give you an answer to cover every possible ap- 
plication, because I am sure that there are some areas where 
it would take years to weather the chemical treatment. We find 

that -two months were completely adequate to eliminate the differ- 
ences. In four moqths we find that every vestige of the chemical 
treatment has disiqjpeared, but you still have the basic problem 
of painting a galvanized steel surface whether it's treated or un- 
treated. I can't tell you how long itwould take an untreated sur- 
face to weather where it's in a sheltered location. 
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TABLE 1 DESIGN OF MAIN AISI RESEARCH PROJECT 

rkM DAixrr AiaTTJTY OF GALVANIZED STEEL 



Main Tert 


Major Variables 


Degrees of Freedom 


Classes of Paints 


3 


2 

e 


Brands of Paints 


6 


O 

o 


Chemical Treatments 


3 


A 


Treated Versus Untreated (Levds) 


2 

A 


1 

2 


Laboratories 


3 


2 


Replicates 


3 


A 


Total Pands 


972 


14 


First-Order Interactions 


Classes of Paintox Brands 




10 

A 


Classes of Paints x Treatments 




4 

o 


of Paints X Levd of Treatment 


A 

A 


Classes of Paints x Laboratories 




4 

A 


Classes of Paints X Rqdkates 




4 


Brands X Treatments 




10 

tL 


Brands x Lr«ds 




O 

in 


Brands x Laboratories 




XU 

in 


Brands x Replicates 




XU 


Treatments x Levds 




2 

A 


Treatments x Laboratories 




4 

A 


Treatments x Rq>licates 




4 


Levds X Laboratories 




2 

A 


Levds X Rq>licates 




% 


Laboratories x Rq>licates 




4 




Total 


77 


Total Interactions 




91 


Determination of Elrror 




880 




Total 


971 



» 
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TABLE 2 — PAINTS USED IN AISI RESEARCH TEST 



A. ARMCO LABORATORY TEST 



Paint Class 
and Code 


Mils 


Color 


Description 


Cement'Baie 








A9 


2.2 


IMiite 


Portland cemenMn*oil 


AlO 


2.0 


PeariGray 


Portland cement-in*oil 


A13 


3.5 


Gray 


Portland cement<in-oil 


A14 


3.5 


White 


Portland cemenMn-oil 


A16 


2.2 


White 


Portland cement-in-oil; same as R2531 


A18 


2.6 


White 


Portland oemenMn<oil; same as U3 


Zinc-Dust 








A1 


2.2 


Gray 


Linseed-oil vdiide; same as R2524 


A2 


1.2 


Gray 


Alkyd vdiide 


A7 


1.6 


Gray 


Alkyd vdiide; same as U7 


All 


3.0 


Gray 


Linseed-oil vehide 


A12 


2.2 


Gray 


Alkyd vehide; same as U8 


A17 


2.6 


Gray 




Propnetaiy 




Contains metallic lead pigment; same as U15 


A3 


1.6 


Gray 


A4 


2.2 


Red 


Iron oxide - linseed oil, alkyd 


A5* 


1.3 


Red 


Red wide, acrylic emulsion 


A6 


2.3 


White 


Linseed, tung, and phenolic vdiide 


A8 


1.8 


Red lead 


Red lead, zinc chromate, drying oil 


A15 


2.3 


White 


Cement base; same as U5 


A19 


3.5 


Green 


Zinc chromate epoxy 


A20 


2.2 


Gray 


Lacquer, acrylic 



B. U. S. STEEL LABORATORY TEST 



PsJnt Class 
and Code 


MiU 


Color 


Description 


Cement-Base 








U1 


2.5 


Buff 


Portland cement-in-oil 


U2 


1.5 


White 


Portland cement-in-oil 


U3 


2.5 


White 


Portland cement-in-oil; same as A18 


U4 


2.0 


White 


Portland cement-in-oil; same as R2529 


U5 


1.5 


White 


Portland cement-in-oil; same as A15 


U6 


3.9 


White 


Portland cement-in-oil 


Zinc-Dust 








U7 


1.9 


Gray 


Alkyd; same as A7 


U8 


3.1 


Gray 


on base; same as A12 


U9 


1.0 


Gray 


Alkyd 


UlO 


1.9 


Gray 


TT-P-641b, Type I, oil 


Ull 


1.9 


Gray 


TT-P-641b, II, alkyd 


U12 


2.1 


Gray 


MIL-D-15145A, phenolic 


Proprietary 






Polyvinyl acetate emulsion; same as R2534 


U13* 


1.3 


White 


U14* 


3.1 


Red 


Polyvinyl acetate emulsion 


U15 


1.7 


Gray 


Contains metallic lead; same as A3 


U16 


2.7 


Red 


Contains cement 


U17 


1.2 


Red 


Zinc chromate, zinc oxide, iron oxide-soya alkyd 


U18 


1.1 


Green 


Chrome green, modified alkyd 



*Denotes latex-base paint 
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TABLE 2 — CONCLUDED 



C. REPUBLIC LABORATORY TEST 



Fsintaase 
and Code 


Mils 


Color 


Description 


Cement-Base 








R2523 


1.0 to 1.5 


WbUe 


Portland cement-in-oil, water 


R2526 


1.0 to 1.5 


White 


Pordand cement-in-oil 


R2527 


1.0 to 1.5 


White 


Pqrdand cement-in-oil 


R2528 


1.0 to 1.5 


White 


Pordand cement-in-od 


R2529 


1.0 to 1.5 


White 


Pordand cement-in-od; same as U4 


R2530 


1.0 to 1.5 


White 


Pordand cement-in-od 


R2531 


1.0 to 1.5 


White 


Pordand cement-in-od, water; same as A16 


Zinc-Dust 








R2519 

R2520 

R2521 


1.0 to 1.5 
1.0 to 1.5 
1.0 to 1.5 


Gray 

Gray 

Gray 




R2522 


1.0 to 1.5 


Gray 


TT-P-641b 


R2524 


1.0 to 1.5 


Gray 


Linseed-oil vdiide; same as A1 


R2525 


1.0 to 1.5 


Gray-green 


Chromaled zinc dust 


Proprietary 








R2523* 


1.0 to 1.5 


White 


Masonry paint, FVA-emulsion base 


R2533 


1.0 to 1.5 


White 


Chlorinated rubber 


R2534* 


1.0 to 1.5 


White 


Polyvinyl acetate emulsion; same as U13 


R2536* 


1.0 to 1.5 


White 


P<dyvinyl acetate emulsion 


R2536 


1.0 to 1.5 


Gray-green 


P<dyamidecured epoxy 



*Denotes latex-base paint. 
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TABLE 3 — INDIVIDUAL AISI RATINGS OF PAINTS 
FOR GALVANIZED STEEL AFTER TWO-YEAR EXPOSURE 
(Average for Three Panels) 



A. ARMCO LABORATORY TEST 





PAINT ABILITY OF GALVANIZED STEEL 
TABLE 3 — CONTINUED 



23 



Fiint Clats 


Producer Y 


Avg. 

Treated 


Avg. 

UntTMted 


Overall 
Avg. for 
Paints 




Treated 


Untreated 


Grader 


— r~ 


-T^ 




4 






1 


2 


3 


4 


5 


8 


Cemcnt-BaM 

A9 


8 


10 


9 


6 


7 


7 


8 


9 


9 


6 


7 


7 


7.8 


7.7 


7.77 


AlO 


10 


8 


8 


7 


6 


9 


10 


9 


7 


7 


8 


9.5 


ao 


ai 


a44 


A13 


6 


7 


6 


7 


7 


A5 


10 


9 


10 


10 


10 


10 


a9 


9.8 


9.10 


A14 


9 


8 


8 


8 


7 


9 


10 


9 


9 


6 


7 


9.5 


A2 


a4 


8.54 


A16 


9 


9 


9 


8 


9 


9.5 


9 


9 


9 


8 


10 


9.5 


A9 


9.1 


9.01 


A18 


10 


10 


10 


9 


10 


10 


10 


10 


9 


8 


10 


10 


9.8 


9.5 


0.67 




















Class Averages 


a3 


A8 


&76 


Zinc-Dust 

A1 


10 


9 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


9.8 


10.0 


0.83 


A2 


8 


7 


8 


8.5 


6 


A5 


10 


10 


10 


9 


9 


A5 


7.7 


9.4 


0.01 


A7 


9 


8 


9 


10 


10 


9 


10 


10 


10 


10 


10 


10 


9.2 


10.0 


0.75 


All 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10.0 


10.0 


0.07 


A12 


10 


10 


9 


9 


10 


10 


10 


10 


10 


10 


10 


10 


9.7 


10.0 


0.92 


A17 


10 


9 


9 


10 


10 


10 


10 


10 


10 


10 


10 


10 


9.7 


10.0 


0.02 


















Class Averages 


9.3 


9.9 


0.73 


Proprietary 

A3 


5 


5 


7 


2 


2 


4 


8 


8 


10 


7 


7 


7 


4.2 


7.8 


7.17 


A4 


7 


7 


6 


8 


6 


8 


7 


8 


7 


8 


8 


8 


7.0 


7.3 


7.65 


A5 


9 


9 


8 


9 


7 


10 


10 


10 


10 


10 


8 


10 


8.7 


9.7 


0.36 


A6 


10 


10 


9 


9 


9 


9 


10 


10 


10 


8 


9 


10 


9.3 


9.5 


0.10 


A8 


9 


9 


7 


4 


8 


9 


9 


10 


7 


4 


9 


9.5 


7,7 


ai 


6.07 


A15 


5 


9 


8 


8 


8 


5 


5 


9 


9 


4 


8 


5 


a5 


a3 


a50 


A19 






No Sample 






10 


9 


8 


9 


8 


9.5 


a4 


A9 


0.57 


A20 


7 


8 


6 


4 


5 


A5 


8 


9 


6 


5 


5 


8.5 


a9 


7.00 




















Class Averages 


7.1 


ai 


&03 




















Average for all 


Pnintf 


ai8 


8.83 
























Over-all Average 


8.51 


a84 



(Contbmed on next page) 
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FINISHES FOR METALS 
TABLE 3 -- CONTINUED 



B. REPUBLIC LABORATORY TEST 



Avg. 

'reated 


Avg. 

Untreated 


9.3 


9.2 


8.7 


8.8 


8.9 


9.3 


9.3 


9.3 


a6 


8.9 


8.6 


9.2 


8.3 


a7 


8.8 


9.1 


9.0 


9.6 


10.0 


10.0 


9.3 


9.4 


9.4 


9.6 


9.8 


lao 


9.6 


9.6 


9.5 


9.7 


5.3 


9.9 


5.9 


a3 


7.4 


10.0 


8.2 


10.0 


7.3 


7.5 


6.8 


8.7 


a50 


9.17 



Paint Class 
and Code 



.Grader 



Producer Z 



T 



Treate<C 






1 






led. 



Cement- Base 

2523 

2526 

2527 

2528 

2529 

2530 

2531 

Zinc-Dust 

2519 

2520 

2521 

2522 

2524 

2525 

Proprietary 

2532 

2533 

2534 

2535 

2536 



10 

10 

10 

9.5 

9 

10 

10 



10 

10 

10 

To 

10 

10 



9.7 10 
9 a7 

9 9 

9.3 9 

9 

9.3 
9 



8 
7 
9 
9 

9 6 
7.3 8 



8 



6 



9 

8 

8 

10 

10 

8 

8 



9 

10 

9 

9 

9 

9 



9.3 8 

10 10 
9 
9 
lO 
9 



8 
10 
8.7 10 
9 10 

10 10 
10 10 



9.1 

9.7 
8.5 
9 

8.8 
9.1 
8.7 



9.5 

10 

9.1 

9.5 

9.7 

9.5 



9.3 9.3 

9.7 8 



9.3 9 

9.5 9.3 9 

9 9 10 

0 9.7 

0 9 



8 

8 
9 
10 
6 

a3 8 

9 7 



9 

8 

9 



9.3 

9 

9.7 



9.1 9.1 

10 9.5 

10 9.1 

8 9 

Clast Averages 



Paint Class 
and Code 



Grader 



6 

a5 

8 

9 



7 

8 
8 

9.3 



4 

4 

3 



3 

5 

10 



7 

6 

8.5 



a7 8 



7.9 6 

6 5 



8.3 a7 
7 9 



10 

10 

10 

10 

10 

10 



10 

10 



9.3 


10 


9 


10 


9.5 


10 


10 


10 


10 


9.8 


9 


9 


9 


10 


9.3 


9 


10 


9 


10 


9.5 


10 


10 


10 


10 


10 


9 


9.3 


10 


10 


9.5 






Class Averages 


10 


10 


10 


10 


9.3 


8 


5 


4 


5 


7 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


8 


6 


5 


8 


9 



Class Averages 
Average for all Paints 
Over-all Average 



8.84 



Producer X 



Treated 



1 


2 


3 


4 


5 


6 


1 


2 


10 


9 


10 


8 


9 


9.5 


10 


9 


10 


9.3 


8 


7 


8 


8.8 


10 


9.7 


10 


9.7 


9.7 


9 


9 


9.5 


10 


9.7 


9.5 


9.3 


9 


8 


10 


8.7 


9.5 


9 


9 


10 


10 


6 


10 


9.1 


9 


9.3 


10 


9.7 


8 


9 


10 


9 


10 


10 


10 


9 


8 


6 


8 


9 


10 


9.7 


10 


9 


9.7 


9 


10 


9.5 


10 


9 


10 


10 


10 


10 


10 


9.5 


10 


10 


10 


9.7 


9 


10 


10 


9 


10 


9.3 


10 


9 


10 


9 


10 


9.7 


10 


9 


10 


10 


10 


10 


10 


9.8 


10 


10 


10 


10 


10 


10 


10 


9.8 


10 


9.3 


7 


7 


5 


5 


5 


7.3 


10 


10 


a5 


8 


4 


4 


5 


5.6 


8.5 


a7 


10 


10 


9 


7 


10 


9.3 


10 


10 


10 


10 


10 


8 


10 


9.5 


10 


10 


8.7 


8.3 


6 


6 


7 


9 


8.7 


8.7 



Untreated*" 

4 



Avg. 

Treated 



Avg. 
Untreated 



Cement-Base 

2523 

2526 

2527 

2528 

2529 

2530 

2531 

Zinc-Dust 

2519 

2520 

2521 

2522 

2524 

2525 

Proprietary 

2532 

2533 

2534 

2535 

2536 



9.7 


9 


9 


9.3 


9.3 


9.3 


9 


8 


8 


9.5 


8.5 


9.0 


9.7 


9 


9 


9.5 


9.5 


9.5 


9 


8 


10 


9 


9.1 


9.1 


10 


6 


10 


9.3 


9.0 


8.9 


9 


9 


10 


9.5 


9.3 


9.6 


9 


6 


8 


9 


8.3 


8.6 




Claes Averages 


9.0 


9.2 


9.7 


8.7 


10 


9.5 


9.5 


9.5 


10 


10 


10 


9.5 


9.9 


9.9 


9 


10 


10 


9.5 


9.6 


9.6 


10 


9 


10 


9.8 


9.6 


9.6 


10 


10 


10 


9.7 


lO.G 


10.0 


9.3 


10 


10 


9.5 


9.8 


9.7 




Class Averages 


9.7 


9.7 


10 


10 


10 


10 


6.1 


10.0 


5 


6 


6 


7.3 


5.9 


&9 


10 


10 


10 


10 


9.2 


10.0 


10 


10 


10 


10 


9.6 


10.0 


a3 


5 


8 


9.1 


7.5 


7.6 




Class Averages 


7.6 


8.9 


Average for ail Paints 


8.87 


9.27 




Over-all Average 


! 


sliFT 
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FINISHES FOR METALS 



TABLE 3 — CONTINUED 



C. U. S. STEEL LABORATORY TEST (NOT PREWEATHERED) 



Paint Class 


Producer Z 


Avg. 


Avg. 


and Code 


Treated 


Untreated 


Treated 


Untreated 


Grader 


1 




3 


4 


5 




1 


2 


3 


4 


5 


6 






Cement'Base 






























1 


9.5 


10 


10 


8 


10 


9 


9.3 


10 


10 


8 


10 


9.7 


9.4 


9.5 


2 


10 


10 


10 


9 


10 


9.5 


10 


10 


10 


9 


10 


9.7 


9.8 


9>8 


3 


9.5 


10 


10 


9 


9.7 


9 


9.5 


10 


10 


9 


10 


9 


9.5 


9.6 


4 


as 


9 


10 


7 


8 


9 


8.5 


9.3 


10 


7 


8 


9 


8.6 


8.6 


5 


4.5 


8 


6 


« 


7 


4.7 


4.5 


8 


6 


• 


7 


3.3 


6.0 


5.8 


6 


10 


9 


9.3 


9 


9 


9 


10 


9 


10 


9 


9 


9 


9.2 


9.3 






















ClaM Average* 


8.8 


8.6 


Zinc-Dust 






























7 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10.0 


10.0 


8 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10.0 


10.0 


9 


10 


9.3 


9 


9 


10 


9.5 


10 


9.7 


10 


9 


10 


9.5 


9.5 


9.7 


10 


10 


10 


10 


10 


10 


9.5 


10 


9.3 


10 


10 


10 


10 


9.9 


9.9 


11 


10 


9.7 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10.0 


10.0 


12 


9 


9 


9.3 


7 


10 


9 


9 


8.7 


10 


6 


10 


9 


8.9 


8.8 






















Class Averages 


9.7 


9.7 


Proprietary 






























13 


3 


3 


5 


3 


5 


8 


10 


10 


10 


10 


10 


10 


4.5 


10.0 


14 


9 


9.3 


9 


9 


9 


10 


10 


10 


10 


10 


10 


10 


9.2 


10.0 


15 


2 


2 


5 


2 


2 


5 


2 


2 


4.3 


3 


2 


7 


ao 


a4 


16 


8 


10 


6 


8 


7 


8.7 


8 


10 


6 


8 


7 


9.3 


8.0 


ai 


17 


6 


10 


9.3 


9 


10 


9.5 


8 


10 


8 


8 


8 


9.5 


9.3 


8.6 


18 


0 


0 


1 


0 


0 


0 


0 


0 


0.3 


0 


0 


0 


0.2 


0.1 






















Class Averages 


5.7 


a7 




















Average for all Paints 


ao6 


8.41 






















Over*all Average 


8 


i.24 


Paint Class 


Pro<3 


ucer X 


Avg. 


Avg. 


and Code 


Treated 


Untreated 


Treated 


Untreated 










4 


5 










4 


5 


6 






Cement*Base 






























1 


9.5 


10 


9.3 


9 


10 


9.5 


9.5 


10 


10 


8 


10 


9.5 


9.6 


9.5 


2 


10 


10 


10 


9 


10 


9.5 


10 


10 


10 


9 


9.7 


9.5 


9.8 


9.7 


3 


9.5 


10 


10 


9 


10 


9 


9.5 


10 


10 


9 


10 


9.3 


9.6 


9.6 


4 


8.5 


9.3 


9.7 


5 


8 


9 


8.5 


8.7 


9.7 


7 


9.3 


9 


a3 


8.7 


5 


4.5 


8 


6 


. 


7 


4.3 


4.5 


8 


6 


- 


7 


4.7 


ao 


6.0 


6 


10 


9 


10 


9 


10 


9 


10 


9 


10 


9 


10 


9 


9.5 


9.5 






















Class Averages 


8.9 




Zinc-Dust 






























7 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10.0 


10.0 


8 


10 


10 


10 


10 


10 


j9.8 


10 


10 


10 


10 


10 


10 


10.0 


10.0 


9 


10 


9.3 


10 


9 


10 


9.5 


10 


9 


9 


9 


10 


9.5 


9.6 


9.4 


10 


10 


9.7 


10 


10 


10 


9.8 


10 


9.3 


10 


10 


10 


10 


9.9 


9.9 


11 


10 


9.7 


9.3 


10 


10 


10 


10 


10 


9 


10 


10 


10 


9.8 


9.8 


12 


9 


9 


10 


6 


10 


9 


9 


9 


10 


7 


10 


9 


8.8 


9.0 






















Class Averages 


9.7 


9.7 


Proprietary 






























13 


7.3 


9 


9.3 


8 


8.3 


9.7 


10 


10 


10 


10 


10 


10 


8.6 


10.0 


14 


9.5 


9 


10 


8 


9 


10 


10 


10 


10 


10 


10 


10 


9.3 


10.0 


15 


2 


0 


1.3 


1 


2 


6 


2 


0 


2.3 


2 


2 


6 


2.1 


2.4 


16 


8 


10 


7 


8 


7 


8.5 


8 


10 


8 


8 


7 


8.8 


8.1 


8.3 


17 


8 


9.3 


6.7 


8 


8 


8.7 


9 


9.7 


10 


8 


9 


9 


8.1 


9.1 


18 


0 


0 


1 


0 


0 


0 


0 


0 


3 


0 


0 


0 


0.2 


0.5 






















Class Averages 


6.0 


6.7 




















Average for all Paints 


8.18 


8.44 






















Over-all Average 


8.31 
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Paint Class 
and Code 



Producer Y 



Treated 



9.5 10 
10 10 

9.5 10 10 

8.5 8 10 

4.5 8 6 

I 10 8.3 10 



9.3 8 9.7 9.1 

8 9 9.3 9.5 

8 10 9.3 

5 9 9 

. 7 4.7 

9 10 9 



10 10 
10 10 
3 10 
10 10 



10 



Untreateo' 



1 



9.5 10 10 
)0 10 10 
9.5 10 10 

8.5 9.3 10 

4.5 8.3 6 



10 



10 



10 



8.7 10 9 



10 9.5 

10 9.5 

10 9.7 

9.7 9 

7 4.3 

10 8.8 I 



Class Averages 



9.5 10 



7.3 3 8.3 8.5 10 
8 6 10 8.5 9 



10 10 9.7 9 10 



9.8 

*9.7 9.7 10 10 10 

0 2 2 2 6 



10 10 



10 


10 


10 


10 


10 


10 


9 


7 


10 


10 


10 


10 


10 


10 


10 


9 


5 8.: 

Class A 


10 


10 


10 


10 


10 


10 


3 


2 


2 


8 


8 


7 


7 


8 


8 


2 


0 


0 



Class Averages 



Averaae for all Untreate^S^^ 



1 Avg. 


f( 

Avg. / 
Jntreated 


)ver-aU 
Wg. for 
PalnU 


fi mwo ^ 


9.3 


9.5 


9.46 


9.3 


9.8 


9.67 


9.5 


9.7 


9.58 


8.3 


8.9 


a56 


6.0 


6.0 


5.97 


9.4 


9.4 


9.39 


1 a7 


9.0 


a85 


10.0 


10.0 


10.00 


10.0 


10.0 


9.99 


7.2 


9.0 


9.07 


\ 9.9 


9.9 


9.91 


7.0 


9.8 


9.41 


8.4 


8.2 


8.69 


» 8.8 


9.5 


9.51 


9.8 


10.0 


9.81 


9.7 


10.0 


9.70 


1 2.3 


2.3 


2.58 


1 7.6 


a4 


8.07 


7.1 


8.0 


8.37 


0.7 


0.7 


0.37 


n\ 6.2 


6.6 


6.32 


itsl 7.81 


r 8.34 




gel 6»^6 







D. U. S. STEEL LifBORATORY TEST (PREWEATHERED) 



Paint Class 
a nd Code 

Graderl 



Treated 



Producer Y 



6 



9.5 10 10 

j 10 10 10 

10 10 10 

8.5 8.7 10 

4.5 8 4.7 

1 10 8.3 10 



9 10 9.1 

9 10 9.1 

9 10 9 

5 9.7 9 
- 7 4 

9 10 9 



1 



Untreated 
3 



9.5 10 10 

10 10 10 

10 10 10 

8.5 8 10 

4.5 8 5.' 

10 8 10 



10 10 
1 10 
10 
10 10 
1 10 10 
9 9 



9.3 10 10 10 

io 10 10 10 10 

9 9 7 10 9 

10 10 10 9.5 

9.7 10 10 10 

9 5 10 9.3 



10 



10 10 
10 10 
9 

10 10 10 10 
9 10 
9 10 



10 



1 10 10 10 10 10 10 

10 10 9.7 10 10 10 

2 0 2 3 2 5 

9 10 8 8 7 9 

9.5 10 10 8 9 9 

0 0 3 0 0 0 



9 10 10 

io 10 10 10 

9 8 10 9 



9.5 



9 



10 10 
10 10 



Class Averages 



10 10 10 10 

9.3 10 10 10 



9.5 10 10 

0 0 3 



Class Averages 



lAvg. 1 
rTreated 1 


\o\ 

Avg. lAv 
Jntreated 1 Pi 


9.7 


9.5 


9.8 


9.8 


9.7 


9.8 


8.5 


as 


5.6 


5.8 


9.4 


9.3 


i| 8.9 


a9 


9.9 


9.8 


10.0 


10.0 


9.0 


9.2 


; 9.9 


9.9 


\ 10.0 


9.6 


1 8.6 


9.7 


% 1 9.6 


9.5 


10.0 


10.0 


10.0 


9.9 


2.3 


3.0 


8.5 


8.5 


9.3 


9.4 


0.5 


0.5 


M 6.8 


6.9 


lif. 8.39 


8.44 1 





9.59 

9.78 

9.73 
8.62 

5.74 
9.36 

8.89 



9.86 

10.00 

9.01 

9.92 

9.79 

8.62 

9.55 



10.00 

9.92 

2.67 

8.50 

9.33 

0.50 

6.82 












f 



/ 
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TABLE 4 — AVERAGE AISI RATINGS OF PAINTS 
FOR GALVANIZED STEEL AFTER TWO-YEAR EXPOSURE 



A. ARMCO LABORATORY TEST 



Paint Claaa and Code 


Producer Z 


Producer X 


Producer Y 


Average 


Tret«llUntreated 




Treated 1 Untreated 


Cement- Baae 
















A9 


8.0 


7.8 


7.5 


7.8 


7.8 


7.7 


7.8 


AlO 


8.7 


a8 


8.3 


8.9 


ao 


8.1 


a4 


A13 


10.0 


9.8 


8.7 


9.4 


6.9 


9.8 


9.1 


A14 


9.4 


ao 


9.1 


8.2 


a2 


8.4 


as 


A16 


9.1 


9.0 


a9 


9.1 


8.9 


9.1 


9.0 


A18 


9.7 


9.7 


9.7 


9.7 


9.8 


9.5 


9.7 


Average 


9.1 


8.9 


8.7 


a8 


8.3 


8.8 


as 


Zinc-Duat 
















A1 


9.7 


10.0 


9.5 


10.0 


9.8 


10.0 


9.8 


A2 N 


9.3 


9.3 


9.2 


9.4 


7.7 


9.4 


9.0 


A7 


9.8 


9.9 


9.8 


9.9 


9.2 


lOO^ 


fl" 


All 


10.0 


9.8 


10.0 


10.0 


10.0 




' 10.0 


A12 


10.0 


10.0 


10.0 


9.8 




• ' ' 10.0 


9.9 


A17 ^ 


10.0 


10.0 




-latr" 


9.7 


10.0 


9.9 


\ 

Average 


9.8 


9.8 .. 


..-at ' 


9.9 


9 . 5 .— 


9.7 


Proprietary 




0 ‘ 












A3 


ai' 


ai 


7.3 


7.6 


4.2 


7.8 


7.2 


A4 ■ ' - 


'8.9 


7.4 


a2 


7.1 


7.0 


7.3 


7.7 


AS 


9.3 


9.5 


9.3 


9.7 


8.7 


9.7 


9.4 


A6 


a8 


9.3 


9.0 


9.3 


.--9.3 


9.5 


9.2 


A8 


7.9 


7.9 


a3 




7.7 


ai 


ai 


A15 


a7 


6.7 


a3 -- ■ 


6J^ 




a3 


as 


A19 


10.0 


a9 


10.0^^ 




— 


ao 


9.6 


A20 


7.1 


7.1 




7.1 


a4 


ao 


7.0 


Average,^'" 


8.4 




a2 


a2 


7.1 


8.1 


ao 


*’***-• - , 

Average for lYeatmcnt 


9.0" 


a9 


a8 


ao 


a2 


a8 




















Average for Supplier 


a9 


ao 


as 







It 
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TABLE 4 — CONTINUED 



B. REPUBLIC LABORATORY TEST 



PiroducerZ | Producer X | PiroducerY | 



P^nt Class and Code 


Treated 




Average 


Cement-Base 
















R2523 


9.3 


9.2 


9.3 


9.3 


9.6 


9.5 


9.4 


R2526 


8.7 


8.8 


8.5 


9.0 


8.2 


8.6 


8.6 


R2527 


8.9 


9.3 


9.5 


9.5 


8.3 


9.2 


9.1 


R2528 


9.3 


9.3 


9.1 


9.1 


9.3 


9.4 


9.3 


R2529 


8.6 


8.9 


9.0 


8.9 


8.9 


8.9 


8.9 


R2530 


8.6 


9.2 


9.3 


9.6 


8.5 


9.7 


9.2 


R2531 


8.3 


8.7 


8.3 


8.6 


8.5 


8.5 


8.5 


Average 


8.8 


9.1 


9.0 


9.2 


a8 


9.1 


9.0 


Zinc-Dust 
















R2519 


9.0 


9.6 


9.5 


9.5 


9.8 


9.7 


9.5 


R2520 


10.0 


10.0 


9.9 


9.9 


9.4 


10.0 


9.9 


R2521 


9.3 


9.4 


9.6 


9.6 


9.5 


9.4 


9.5 


R2522 


9.4 


9.6 


9.6 


9.6 


9.6 


9.7 


9.6 


R2524 


9.8 


10.0 


10.0 


10.0 


9.9 


10.0 


10.0 


R2525 


9.6 


9.6 


9.8 


9.7 


9.9 


9.6 


9.7 


Average 


9.5 


9.7 


9.7 


9.7 


9.7 


9.7 


9.7 


Proprietary 












9.8 


ao 


R2532 


5.3 


9.9 


6.1 


10.0 


6.8 


R2533 


5.9 


6.3 


5.9 


6.9 


6.7 


6.8 


6.4 


R2534 


7.4 


10.0 


9.2 


10.0 


9.8 


10.0 


9.4 


R2535 


8.2 


10.0 


9.6 


10.0 


9.3 


10.0 


9.5 


R2536 


7.3 


7.5 


7.5 


7.6 


7.1 


8.2 


7.5 


Average 


6.8 


8.1 


7.6 


a9 


7.9 


9.0 


8.2 


Average for Treatment 


8.5 


9.2 


8.9 


9.3 


a8 


9.3 




Average for Supplier 




8.8 




9.1 




9.1 





Average for Over-all Test 9.0 



Average for all Treated 8.7 — Average for all Untreated 9.2 



(Continued on next page) 
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TABLE 4 — CONTINUED 



C. U. S. STEEL LABORATORY TEST (NOT PREWEATHERED) 





Producer Z 


Producer X 


Producer Y 




Paint Class and Code 




Treated lUntreated 


Ticated| 


Untreated 


Average 


Cement-Base 












9.5 


9.5 


U1 


9.4 


9.5 


9.6 


9.5 


9.3 


U2 


9.8 


9.8 


9.8 


9.7 


9.3 


9.8 


9.7 


U3 


9.5 


9.6 


9.6 


9.6 


9.5 


9.7 


9.6 


U4 


8.6 


8.6 


8.3 


8.7 


8.3 


8.9 


8.7 


U5 


6.0 


5.8 


6.0 


6.0 


6.0 


6.0 


6.0 


U6 


9.2 


9.3 


9.5 


9.5 


9.4 


9.4 


9.4 


Average 


8.8 


8.6 


8.9 


8.9 


6.7 


9.0 


A9 


Zinc-Dust 














10.0 


U7 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


U8 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


U9 


9.5 


9.7 


9.6 


9.4 


7.2 


9.0 


9.1 


UlO 


9.9 


9.9 


9.9 


9.9 


9.9 


9.9 


9.9 


Ull 


10.0 


10.0 


9.8 


9.8 


7.0 


9.8 


9.4 


U12 


8.9 


8.8 


8.8 


9.0 


8.4 


8.2 


8.7 


Average 


9.7 


9.7 


9.7 


9.7 


8.8 


9.5 


9.5 


Proprietary 










9.8 


10.0 


6.6 


U13 


4.5 


10.0 


8.6 


10.0 


U14 


9.2 


10.0 


9.3 


10.0 


9.7 


10.0 


9.7 


U15 


ao 


a4 


2.1 


2.4 


2.3 


2.3 


2.6 


U16 


&0 


8.1 


8.1 


&3 


7.6 


8.4 


&1 


U17 


9.3 


6.6 


8.1 


9.1 


7.1 


&0 


8.4 


U18 


0.2 


0.1 


0.2 


0.5 


0.7 


0.7 


0.4 


Average 


5.7 


6.7 


&0 


6.7 


6.2 


6.6 


6.3 


Averag e for Treatment 


8.1 


8.4 


8.2 


8.4 


7.9 


8.3 




Average for Supplier 




8.2 




8.3 




8.1 





Averafe for Over-all Test S.2 



Average for all Treated S.0 — Average for all Untreated &4 
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TABLE 4 — CONCLUDED 



D. U. S. STEEL LABORATORY TEST (PREWEATHERED) 


1 




Producer Y 




Paint Clau and Code 


Treated | Untreated 


Average 


Cement-Base 








U1 


9.7 


9.5 


9.6 


U2 


9.8 


9.8 


9.8 


U3 


9.7 


9.8 


9.7 


U4 


8.5 


8.8 


8.6 


U5 


5.6 


5.8 


5.7 


U6 


9.4 


9.3 


9.4 


Average 


8.9 


8.9 


8.9 


Zinc-Dust 






9.9 


U7 


9.9 


9.8 


U8 


10.0 


10.0 


10.0 


U9 


9.0 


9.2 


9.0 


UlO 


9.9 


9.9 


9.9 


Ull 


10.0 


9.6 


9.8 


U12 


8.6 


9.7 


8.6 


Average 


9.6 


9.5 


9.6 


Proprietary 






10.0 


U13 


10.0 


10.0 


U14 


10.0 


9.9 


9.9 


U15 


2.3 


3.0 


2.7 


U16 


8.5 


8.5 


8.5 


U17 


9.3 


9.4 


9.3 


U18 


0.5 


0.5 


0.5 


Average 


6.8 


6.9 


6.8 


Average for Treatment 


8.4 


8.4 




Average for Supplier 


8.4 






Average for Over-all Test 


8.4 
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TABLE 5 — PERFORMANCE OF PAINTS BY CLASS 
AFTER TWO-YEAR EXPOSURE 



Paint Class 


Armco Test 


Republic Test 


U. S. Steel Test 


Average 


Cement-Base 


8.8 


9.0 


8.9 


8.9 


Zinc-Dust 


9.7 


9.7 


9.5 


9.6 


Proprietary 


8.0 


8.2 


6.3 


7.5 


(Latex Base) 


(9.4) 


(9.0) 


(9.3) 


(9.2) 


Over-ali Average 
for Laboratories 


8.83 


8.97 


8.23 


8.67 



TABLE 6 — PERFORMANCE OF PAINTS 
IN VARIOUS CLASSES AFTER TWO-YEAR EXPOSURE 



Cement Base Paints 



Armco Test 


Republic Test 




u. s. 


Steel Test 


Paint 


Avg. 




Paint 


Avg. 




Paint 


Avg. 




Code 


Grade 


Conunents 


Code 


Grade 


Conunents 


Code 


Grade 


Comments 


A9 


7.8 


Paint 


R2523 


9.4 




U1 


9.5 








deteriorating 














AlO 


8.4 




R2526 


8.6 




U2 


9.7 




A13 


9.1 




R2527 


9.1 




U3 


9.6 




A14 


8.5 




R2528 


9.3 




U4 


8.7 


Second coat slight 


















flaking from 


A16 


9.0 




R2529 


8.9 




U5 


6.0 


Bad chedkering 


















and alligatoring. 


A18 


9.7 




R2530 


9.2 




U6 


9.4 










1 R2531 


8.5 










8.8 1 


1 9.0 


8.9 


Zinc-Dust Faints 




Armco Test 


Republic Test 




U. S. 


Steel Test 


Paint 


Avg. 




paint 


Avg. 




Paint 


Avg. 




Code 


Grade 


Comments 


Code 


Grade 


Conunents 


Code 


Grade 


Conunents 


A1 


9.8 




R2519 


9.5 




U7 


10.0 




A2 


9.0 




R2520 


9.9 




U8 


10.0 




A7 


9.8 




R2521 


9.5 




U9 


9.1 




All 


10.0 




R2522 


9.6 




UlO 


9.9 


Second coat 


















blistered. 


A12 


9.9 




R2524 


10.0 




Ull 


9.4 




A17 


9.9 




R2525 


9.7 




U12 


8.7 




B.7 


577 


9IS 



Proprietary Paints 



Armco Test 


Republic Test 


U. S. Steel Test 


Paint 


Avg. 




Paint 


Avg. 




Paint 


Avg. 




Code 


Grade 


Conunents 


Code 


Grade 


Comments 


Code 


Grade 


Comments 


A3 


7.2 


Some 


R2532* 


8.0 




U13* 


8.8 


Early peeling on 






peeling. 












Armco treaM. 


A4 


7.7 




R2533 


6.4 


Brittle 


U14* 


9.7 




A5* 


9.4 




R2534* 


9.4 




U15 


2.6 


Peeling and 


















flaking. 


A6 


9.2 




R2535* 


9.5 




U16 


8.1 




A8 


8.1 




R2536 


7.5 


Brittle 


U17 


8.4 




A15 


6.5 


Paint 








U18 


0.4 


FaUed by peding. 






disintegrating. 














A19 


9.6 
















A20 


7.0 
















8.0 


8.2 


6.3 



* Latex-base paint 
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TABLE 8 — COMPARISON OF A SINGLE COAT OF PAINT 
WITH A SINGLE COAT REPAINTED WITH ONE AND TWO COATS 

AFTER ONE- YEAR 



ARMCO LABORATORY TEST 



Pftint Clfttt 


No. of 


Producer Z 


Producer X 


Producer Y 




and Code 


Coats 


Treated 


jUntreated 


■mated 1 untreated— 


Treated | Untreated 


Average 


CemenMsaie 


















A9 


1 


8.0 


7.8 


7.5 


7.8 


7.8 


7.7 


7.8 




2 


S.2 


a5 


9.0 


as 


8.7 


as 


a7 




3 


9.2 


9.2 


9.5 


9.3 


9.8 


9.7 


9.5 


AlO 


1 


8.7 


as 


8.3 


a9 


8.0 


8.1 


8.4 




2 


9.3 


as 


9.7 


9.7 


9.2 


9.5 


9.4 




3 


9.5 


9.2 


9.8 


9.8 


9.5 


9.8 


9.6 


A13 


1 


10.0 


9.8 


a7 


9.4 


a9 


9.8 


9.1 




2 


9.5 


9.5 


a3 


9.3 


8.2 


9.8 


9.1 




3 


9.3 


9.3 


a5 


10.0 


9.5 


10.0 


9.4 


A14 


1 


9.4 


8.0 


9.1 


a2 


a2 


a4 


a5 




2 


10.0 


10.0 


10.0 


10.0 


10.0 


9.7 


9.9 




3 


lao 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


A16 


1 


9.1 


9.0 


8.9 


9.1 


8.9 


9.1 


9.0 




2 


9.7 


9.8 


9.7 


9.7 


9.5 


9.7 


9.7 




3 


10.0 


10.0 


9.8 


9.8 


9.8 


9.8 


9.8 


A18 


1 


9.7 


9.7 


9.7 


9.7 


9.8 


9.5 


9.7 




2 


9.8 


9.8 


9.8 


9.8 


9.7 


10.0 


9.8 




3 


10.0 


9.8 


10.0 


10.0 


10.0 


9.8 


9.9 


Zinc-Dust 


















A1 


1 


9.7 


10.0 


9.5 


10.0 


9.8 


10.0 


9.8 




2 


9.8 


9.8 


lao 


10.0 


10.0 


10.0 


9.9 




3 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


A2 


1 


9.3 


9.3 


9.2 


9.4 


7.7 


9.4 


9.0 




2 


9.7 


9.5 


9.8 


9.8 


9.5 


9.8 


9.7 




3 


10.0 


9.5 


10.0 


10.0 


9.5 


10.0 


9.9 


A7 


1 


9.8 


9.9 


9.8 


9.9 


9.2 


10.0 


9.8 




2 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 




3 


10.0 


10.0 


lao 


10.0 


10.0 


10.0 


10.0 


All 


1 


10.0 


9.8 


10.0 


10.0 


10 0 


10.0 


10.0 




2 


9.8 


10.0 


9.8 


9.8 


9.8 


9.8 


9.8 




3 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


A12 


1 


10.0 


10.0 


10.0 


9.8 


9.7 


10.0 


9.9 




2 


9.7 


9.7 


9.8 


10.0 


10.0 


10.0 


9.8 




3 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


A17 


1 


10.0 


10.0 


9.8 


10.0 


9.7 


10.0 


9.9 




2 


9.8 


10.0 


10.0 


10.0 


10.0 


9.8 


9.9 




3 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


10.0 


Proprietary 














7.8 


7.2 


A3 


1 


8.1 


ai 


7.3 


7.6 


4.2 




2 


5.5 


ao 


a2 


4.0 


1.2 


3.8 


a5 




3 


6.8 


0.5 


0.8 


1.2 


0.2 


1.0 


1.8 


A4 


1 


8.9 


7.4 


a2 


7.1 


7.0 


7.3 


7.7 




2 


7.8 


5.7 


5.8 


a2 


a2 


ao 


a3 




3 


a2 


a3 


7.0 


7.0 


7.0 


7.0 


7.1 


A5 


1 


9.3 


9.5 


9.3 


9.7 


8.7 


9.7 


9.4 




2 


9.3 


9.3 


9.3 


9.7 


9.3 


9.8 


9.4 




3 


9.5 


9.5 


9.8 


10.0 


9.7 


10.0 


9.7 


A6 


1 


as 


9.3 


9.0 


9.3 


9.3 


9.5 


9.2 




2 


9.8 


9.8 


10.0 


10.0 


9.7 


10.0 


9.8 




3 


9.8 


10.0 


10.0 


10.0 


9.7 


10.0 


9.8 


A8 


1 


7.9 


7.9 


a3 


8.6 


7.7 


ai 


8.1 




2 


7.7 


as 


a5 


a5 


a5 


a7 


a4 




3 


a2 


9.2 


9.7 


9.7 


9.7 


9.7 


9.4 


A15 


1 


a7 


6.7 


a3 


a5 


a5 


a3 


a5 




2 


9.3 


9.5 


9.3 


9.3 


9.0 


9.2 


9.3 




3 


9.7 


10.0 


9.8 


10.0 


9.8 


9.8 


9.8 


A19 


1 


10.0 


a9 


10.0 


10.0 


Lost 


8.9 


9.6 




2 


10.0 


10.0 


10.0 


10.0 


9.7 


9.8 


9.9 




3 


10.0 


10.0 


10.0 


10.0 


9.8 


9.8 


9.9 


A20 


1 


7.1 


7.1 


7.4 


7.1 


a4 


a9 


7.0 




2 


7.5 


7.3 


8.3 


7.7 


7.7 


7.7 


7.7 




3 


a3 


ao 


9.2 


8.3 


8.7 


a5 


a5 



Over-aU average rating for 1 coat = 8.76 
Over-aU average rating for 2 coata = 9.00 
Over-aU average rating for 3 coata = 9.20 



Corrosion Resistance 
of Metallized Coatings 



By Fred L. Plummer, American Welding Society 

Abstract- Metallizing is the deposition of an adherent coating of finely ^vi^d 
of n^ intermetaUics, or metaUic oxides upon a base Tlu: 

Corrosion orotection of aluminum and zinc coating applied to low-carbon steel 
is consider^in this paper. Panels coated withthese metals ^ 

industrial and marine environments over a nine-year period. Shuii^ were 

of coating effect of methods of steel preparation, and effect of seal coats. 
Adequate corrosion protection was afforded in nearly aU cases, alununum pro- 
viding slightly better protection than zinc. 

NO ENGINEER OR ARCHITECT can give his clients effective, 
responsible service unless he keeps himself informed concern!^ 
new materials, new methods of fabrication, and new design 

in boUdlng science and technology ^ ^i^ade 
every day by organizations such as the American Welding ^iety, 
the Welding Research Council, and the Internation^ Institut 
Weldins These groups are actively collecting, coordinat 

Lsendnating auLrltative information about naetalsi the 

equipment a^ processes used in the Joining of metals; “1 Ote de- 
sien fabrication, erection, testing and inspection of welded metal 
structures. Research programs costing about $1,000,000 ^nnu^ly 
are conducted by these organizations, and they help to 
and report the results of projects costing more than $M00,0^ 
per year. This paper will describe in detail one project sponsored 
by the American Welding Society. 

metallized coated steel 

Metallizing, shown in Figure 1, is the process of depositing 
finely divided particles of metal, intermetallics or metallic oxides 
in a^heated, semi-molten condition in order to ^rm an 
coating. Metal in the form of wire or powder is fed to a gun , 
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Figure 1 » Metallizing operation shows tank being 
aluminumized to prevent corrosion. 



heated by an oxy-fuel gas or plasma arc, and delivered to the work 
by high velocity air. The coating adheres to the base metal by a 
combination of mechanical interlocking and metallurgical bonding. 
Figures 2A and 2B show the effect of a metallized application. 

The use of metallized, coated steel offers outstanding design 
opportunities for many classes of commercial and industrial build- 
ing. During 1950, the Committee on Metallizing of the American 
Welding Society initiated an 18-year study of the corrosion pro- 
tection aliordfed by metallized aluminum and zinc coatings applied 
to low-carbon steel. The three major objectives of this program 
are: 

1. To determine the life of any given thickness of coating in 
any specific environment. 

2. To determine the effect of various methods of steel prepa- 
ration on the properties of the metallized coating which 
determine corrosion protection. 

3. To determine the increase in the life of the aluminum and 
zinc metallized coatings with the addition of seal coats. 

Results to date indicate that all coating r^ystems, with the ex- 
ception of metallized, zinc coated panels vjith thin zinc coatings, 
are still providing adequate corrosion protection to the steel. The 
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Figure 2 A — Painted, underground high voltage junc- 
tion box peeling after one and a half years of service. 




Figure 2B — The same box has been blast-cleaned 
and partially metallized with zinc. Such treatment has 
lasted for 11 years without deterioration. 



method of preparation of the steel does not have any apparent effect 
on the corrosion protection properties of the metallized coatings. 
Thus, the most economical procedure seems to be justified as 
adequate. The addition of seal coats, with the exception of chlorin- 
ated rubber, increases the life of the metallized coatings. 

Test Sites 

Eight widely dispersed test sites were selected so that the panels 
might be exposed in many different environments. Test panels for 
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exposure in urban, industrial and marine environments, are shown 
in Figure 3. Test panels for sea water immersion, exposed at the 
mean-tide and below-Iow-tide levels, and totally immersed, are 
mounted on racks in a vertical position. Test sites and types of 



environment were as follows: 
Atmospheric Exposure 



Brazos River, Texas (salt air) 
Columbus, Ohio (urban) 

East Chicago, Ind. (industrial) 
Kure Beach, N. C. 

(severe marine) 

Kure Beach, N. C. (salt air) 
New York, N. Y. (industrial) 
Point Reyes, Calif, (salt air) 



Se a Water Exposure 

Freeport, Texas 
Wrightsville Beach, N. C. 
(mean-tide) 

Wrightsville Beach, N. C. 
(below-low-tide) 




Figure 3 — Typical exposure racks for test panels . 

\ 

Test Panels 



The test panels, made of low carbon steel, are 4 x 6 x 1/8 in. 
with aluminum and zinc metallized coatings of .003, .006, .009, .012 
and .015 in. thickness for the atmospheric exposure tests. For the 
sea water exposure tests, the test panels of the same steel are 
4 X 12 X 1/8 in. with the same coating thickness and, in addition, 
.018 in. 



CORROSION RESISTANCE OF METALLIZED COATINGS 39 



Panel Preparation 

The steel panels were carefully prepared. After pickling in 
clean acid, panels were given identification marks by using a sys- 
tem of edge notches. The panels were next thoroughly blast cleaned, 
using a forced-feed blast generator with minimum pressure of 
90 psi at the generator, and three types of controlled abrasives; 
coarse silica sand, fine silica sand and steel grit. 

The metallizing operations were done on a special, automatic 
machine on which 36 panels were metallized at one time. The speeds 
of rotation and traverse of both panels and metallizing gun across 
the surface were automatically controlled in order to obtain uni- 
formity of coating thickness. The panels were first metallized on 
one surface with the desired coating thickness and then on the re- 
maining surface. , , , . ,, , , 

Coating thickness on all panels was checked by magnetic thick- 
ness gage and by weight increase. The edges of the panels were 
then coated separately. Three types of metallizing wire were used. 



1. l/8 in. aluminum, 99.0% minimum purity. 

2. 1/8 in. zinc, 99.9% minimum purity. 

3. 1/8 in. steel, SAE 1010 grade. 

Steel wire was used for a flash bonding coat on some specimens, 
and was applied automatically to a thickness of .001 in. This 
ing coat is not considered as part of the metallizing coating tl“Ck- 
ness. In order to determine the effects of seal coats on the 
metallized coatings, a number of the panels had a seal coat applied 
with a paint sprayer. In cases where two seal coats were applied, 
the first was allowed to dry before the second was applied. As in 
the metallizing operation, first the surfaces and then the edges were 
coated. Four types of seal coats were used: 

1. An air drying, two-part, acid-zinc chromate wash coat 
primer. 

2. A vinyl copolymer-aluminum flakes, air drying type, 

3. A clear, vinyl copolymer-air drying type. 

4. A clear, chlorinated rubber-air drying t3rpe. 

There were 112 different panel types included to test various 
combinations of surface preparation, thicknesses of the two metal- 
lizing materials, and use of the various seal coats. The total num- 
ber of panels tested was 4248. 



Inspection 

Standard practice in evaluating hot-dipped aluminum, zinc or 
other metallic coatings on steel has been to report the percentage 
of rusted base metal area. For this test program, it was felt that 
the appearance and condition of the coating itself should be Mly 
described in order to accurately assess the progress of the dete- 
rioration of the coating. Inspectors are required to make separate 



40 



FINISHES FOR METALS 



reports on the conditions of the seal coats, the metallized coating, 
and the base metal. Since the panels are inspected visually, the 
results depend on the interpretations of the individual inspectors. 
Major variations in reporting the inspection results have been min- 
imized by the utilization of standard inspection forms with specific 
instructions for reporting the various conditions of the panels. In 
TTiOst cases where unusual conditions affected the panels, these 
ha/e also been noted. 



Results of Atmospheric Exposure Tests 

Following initial pUot tests, panels have now teen exposed ateut 
nine years. After six years and seemingly until the present time 
under atmospheric exposure, all coatings of aluminum and zinc, 
both sealed and unsealed, are providing adequate corrosion protec- 
tion to the steel base metal, with one exception. In one industrial 
environment the sealed and unsealed zinc coated panels with a 
coating thickness of .003 in. exhibit evidence of base metal cop*o- 
sion over a small percentage of their surface areas. In ind^trial 
environments the aluminum coatings which were sealed with ^o 
coats of aluminum vinyl show evidence of less dirt retention than 
the other coating systems. 



Results of Total Immersion Sea Water Exposure Tests 

Similarly, under total immersion sea water exposure, all the 
sealed aluminum coated panels are providing adequate corrosion 
protection for the base metal. The unsealed aluminum coated panels 
have some base metal corrosion present, but show no evidence of 
base metal pitting. 

The base metal of all the panels with zinc co?^’ng thicknesses 
of .006 in. and greater is adequately being protec. ed from corro- 
sion. As was anticipated at the inception of this program, all .003 
in. zinc coatings gave protection for only a limited time. Severe 
corrosion of the steel base metal began to occur between the second 
and third years of exposure. 



Results of Mean-Tide Sea Water Exposure Tests 

Under mean-tide sea water exposure, all the sealed aluminum 
coatings are adequately protecting the base metal from corrosion. 
The unsealed aluminum coatings show some blistering of the ^u- 
minum coating with some base naetal discoloration; however, there 

is no evidence of base metal pitting. 

The .015 and .018 in. unsealed zinc coatings are providing the 
base metal with adequate corrosion protection. As was anticipated, 
the sealed and unsealed .006 in. zinc coated panels have some ev- 
idence of base metal corrosion. On the panels with .003 in. zinc 
coatings, the coatings have been completely dissipated and severe 
base metal corrosion has occurred. 



CORROSION RESISTANCE OF METALLIZED COATINGS 41 
Test Results 

•» Based on the results of the sixth annual inspection of the panels 
in this 18-year test program, the following conclusions seem to be 

justified: 

1. The life of the unsealed aluminum coatings is definitely 
longer than a comparable zinc coating in the case of the 
thinnest coating thicknesses. However, no estimate can be 
made on the actual longevity of aluminum coatings. 

2. The life of unsealed zinc coatings appears to be directly 
related to the coating thickness and the environment. In 
alternate exposure to the atmosphere and to sea water, un- 
sealed zinc .003 in. thick provides less than six years of 
protection. In some heavy industrial atmospheres, unsealed 
zinc .003 in. thick may also provide little more than six 
years of protection. The life of the thicker unsealed coat- 
ings cannot, as yet, be predicted. 

3. The type of base metal preparation, prior to the metallizing 
operation, within the range of abrasives used in this pro- 
gram, does not appear to have any effect on the corrosion 
protection properties of the metallized coatings. 

4. In all environments the sealed, aluminum coated panels are 
the least affected with respect to coating dissipation and ap- 
parent marring. Those sealed with two seal coats are in 
slightly better condition than those with one seal coat. 

5. The aluminum vinyl seal coat on the zinc coated panels has 
lengthened the life of the zinc coatings when compared to the 
unsealed zinc coatings. Chlorinated rubber sealed coatings 
have no advantage over the unsealed coatings and in some 
cases the chlorinated rubber seal coat has detrimental 

effects. 

6. For sea water exposure applications, metallized aluminum 
sealed with clear vinyl is the best coating system testea in 
this program for the corrosion protection of steel. 

In estimating long-term maintenance costs, it is difficult to 
evaluate such items as equipment transport, set-up time, scaffold- 
ing and similar variables. Solely on the basis of coating costs, 
blast cleaning, metallizing with aluminum, and adding two seal coats 
might cost approximately twice as much as for blast clearing, a 
prime coat, and two cover coats of paint. Field experience indicates 
the metallizing system would have a life of at least 20 years. 
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OPEN FORUM DISCUSSION 



Moderator - Arnold L. Windman, Syska & Hennessy, Inc ♦ 



Axel Kaufmann, Campbell and Aldrich, Architects: What building 
trades would perform the metallizing operation in the field? 

Mr. Plummer: It couM be performed by the trades much as is 
welding. Iron workers,- plate f^ricators, and pipe fitters do 
welding operations, and metallizing could be done by any of 
these. It would presumably be done by one of the metal workers* 
unions rather than by the painters* union. 

Mr. Kaufmann: Is there any color control to the metallizing, or is 
the finished product always a shiny zinc or aluminum? 

Mr. Plummer: A metal color has always been used in the past. 

W. W. Ranson, E. I. du Pont de Nemours & Co.: To what extent 
and by what industries in what applications is the system of 
corrosion protection which you described being used commer- 
cially? Is there an increasing commercial use of metallized 
coatings? 

Mr. Plummer: I think I should preface any answer by stating that 
I have no close personal ties to the companies which produce 
the equipment for doing this kind of work, or to those producing 
the metal used in the work. Therefore, I don*t think that I am 
competent to answer the question. In the past it has been used 
more for marine work, where very serious corrosion problems 
exist, than for any other. Its use is increasing, however. 

George Azrak, Port of New York Authority: What is the possibility 
of metallizing in-place steel piles in a salt water tidal zone? 
What service life could be expected in such an application? 

Mr. Plummer: This has been done. The effective service life should 
be a matter of perhaps 20 years. The tests we*re running have 
been going on for only eig^t years, but our experience to date 
would indicate that for thicknesses on the order of .012* to .015* 
at least 20 years of protection can be expected. 

Irwin Kolk, Port of New York Authority: Can a pickling method of 
surface preparation be used in lieu of blast cleaning? In reg^d 
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to the coating of interior surfaces of water tanks, has any data 
Ln cXcted on the effect of the metallized coatings on drink- 
ing water? 

■KK 'Diiimmfkr* A Dicklins method could be used. With respect to 
water orno specific studies. I knew that metal- 

ha«Te^n usedon the interior of tanks used for 
ll^rXr^. and so there has been some 

lated! I haTO no specific information concerning actual tests of 
any kind. 

T 1? T vnn Hprcules Powder Co.; What was the composition of 
^ X ck^riS^r^r ^^coat? was it clear or p^ent^V 
Was a single seal of chlorinated rubber coating applied, or did 
it have a base coat? 

Mr Plummer- The solids were chlorinated rubber plus two types 

of “nk^ p«afins plus a stabUizer (34%). The solvent 
^JlrfSol^^c petroleum (66%). It was a dear, air-drjn^ 
chlorinated rubber type coating material. There was 
coflf the seal ccat was applied to the metallizing itself. I mgit 
'aS*kd\ rti^rt ^vinf^omplete test^^^^^^ 
controls that were involved, will be 

near future. An earlier report is available and has been lor 
some time, but the one coming out will be a nine-year report. 

H A Seealas Procter & Gamble Co.: Do you have any perform- 
■ Mc?^pirison data betweenmetallizedcoatii^andthe newer, 

cold galvanizing systems consisting of hi^ zinc content epoxy 
coatings, and any cost comparison between these two? 

Mr Plummer- We have neither. This was a specific project, study- 
” ine only the life of these metallized coatings, and there were 
no^comparative studies with paints or any other type of coating. 

W R Tyler. Aluminum Co. of America. Inc.; 

r“;. edges investigated with respect to performance of the two 

coatings? 

Mr. Plummer; There was no raw metal. The .panels were coated, 
both on the surface and on the edges. ^ . ■ 
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Building Science Directory 

The only document of its kind in the field of building science, 
the Building Science Directory is a handy reference for soirees 
of information on research and technical developments in the bmld- 
ing industry. It is completely indexed and is kept up-to-date by 
means of annual supplements. 

Listed in the Directory are associations and societies of the 
building industry, as well as private research and testing facilities, 
colleges and universities, and public agencies engaged in building 
research. Individual data sheets are provided to give detailed 
information on structure, programs, and publications of the Di- 
rectory entries. The index is arranged by name and subject matter. 

The Building Science Directory is distributed to members with- 
out charge. Non-members may purchase the basic document for 

$ 35 . 00 . 



Building Science News 

The monthly newsletter of the Institute, the Building Science 
News, is distributed to members only. It reports on Institute 
activities and building research news of interest to BRI members. 
A special feature included with the newsletter is a two-page digest 
of recently published literature in the building sciences, entitled 
Selected Research Reports. Both the Building Science News and 
the Selected Research Reports are punched for a three-ring 

binder. 



The Building Research Institute 

The Building Research Institute is an independent forum for 
the interdisciplinary exchange of building science information. 

It has as its objective the advancement of the science of build- 
ing and the arts and technologies which it comprises. 

The Institute is supported by its membership, consisting 
of both individuals and organizations. It provides a meeting 
place for many different groups. Among these are architects, 
engineers, builders, manufacturers, contractors, building own- 
ers, and technical representatives of industry, educational in- 
stitutions, and government agencies. . , , 

The programs of the Building Research Institute include 
sponsoring conferences, workshops, and committees where 
building scientists may present reports on building research, 
discuss research problems, and uncover areas for further in- 
vestigation which will contribute to better building. Results 
of these discussions are then published and distributed as a 
member service and sold in this country and abroad. In addi- 
tion to research reports, BRI publishes the Building Science 
News, a monthly newsletter, and the Building Science Direc- 
tory, a guide to organizations currently conducting research. 

BRI, founded as a unit of the National Academy of Sci- 
ences-National Research Council in 1952, became an independ- 
ent technical society in 1962. It maintains the status ^ a co- 
operating society with the NAS-NRC, assigned to the Division 

of Engineering and Industrial Research. 

The Building Research Institute headquarters in Wash- 
ington acts as the coordinating center for all BRI activities. 
Requests for information about membership, publications, ai^ 
general business procedures should be addressed to Milton C. 
Coon, Jr., Executive Vice President, Building Research Insti- 
tute, 1725 De Sales Street, N.W., Washington 6, D.C. 



